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Abstract 

The proceedings of the IAEA ,Advisory Group hfeeting on .'Technical Aspects of 
Atomic and Xlolecular Data Processing and Exchange (14th Sleeting of A+hf Data Cen- 
tres and ALADDIN Network)", held on July 21-22, 1997 in Vienna, Austria are briefly 
described. The meeting conclusions and recommendations on the priorities in A+hl data 
compilation and evaluation, and on the technical aspects of data processing and exchange 
are also presented. 
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1 Introduction 

On July 21-22, 1997, the IXEX organized the regular Advisory Group Meeting on "Tech- 
nical -Aspects of Atomic and hIolecular Data Exchange and Processing (14th Xleeting of 
the .Atomic and hlolecular (.l+hI) Data Centres and -4LADDIN Network)" with the ob- 
jectives of reviewing the progress in the A+hI data related activities in the da ta  centres, 
the methods and procedures applied in the data processing and exchange, developments 
in the ALADDIN system, and to co-ordinate the working plans for the next period. The 
meeting was attended by 14 participants from 12 data centres (see Appendix 1). The 
data  centre a t  the Laboratory for Quantum Optics (Korea Atomic Energy Research In- 
stitute) was represented for the first time in this series of Advisory Group Meetings. 
Additionally, atomic and molecular scientists and data specialists from the Queen's Uni- 
versity of Belfast, the Lebedev Physical Institute, the Weizmann Institute of Science, and 
the Astronomical Observatory in Belgrade attended the conference. The 20th Interna- 
tional Conference on the Physics of Electronic and Atomic Collisions (ICPEAC), was held 
in the Vienna International Centre just following the Advisory Group Meeting. Several 
AGM participants attended this conference as well. 

Meeting Proceedings 

The Meeting was opened by Dr. Douglas Muir (Section Head of the Nuclear Data 
Section, RIPC) and Dr. R. K. Janev (Head of the Atomic and Molecular Data Unit, 
RIPC). They stressed the necessity of strengthening the communication and collaboration 
among the data centres and the importance of having ALADDIN as the international for- 
mat for data exchange, and the timeliness of new Internet and World-Wide-Web (WWW) 
developments which have occurred since the 13th AGM in 1995. 

After adopting the Agenda (see Appendix 2), the meeting proceeded in four sessions: 

1. Current Activities of the A+M Data Centres, 

2. Data Generation and Priorities in Data Compilation and Evaluation, 

3. Data Processing and Exchange, 

4. Meeting Conclusions and Recommendations. 

2.1 Session 1: Current Activities of the A+M Data Centres 
(Chairman: V. Abramov) 

In Session 1, progress reports on the activities of individual data centres during the 
period July 1995-June 1997 were presented. These reports, which are reproduced in 
Appendix 3, describe the work of the data centres on A+h1 data compilation, evaluation 
and generation, LVLVLV developments, the data centre publications during the reporting 
period, the status of ongoing programmes and the plans for immediate future work in this 
area. The presentations in this session demonstrate that the data centre activities closely 



follow the recommendations of the previous Advisory Group hleeting. both in terms of 
content and mutual co-operation. 

The session started with the presentations of Dr. W. L. Wiese  (NIST, US.4) and 
Dr. H. Tawara (NIFS, Japan), who described the ongoing work on establishing A+hl 
databases in their respective centres. Dr. Wiese reported recent work on compilation and 
evaluation of data for wavelengths of Ar, Ga, Kr V-XXXVI and Be I; for energy levels 
of Zn, Ga, Ar, Be I; and transition probabilities for all spectra of C, N and 0. Work 
in progress a t  the NIST data centre includes data compilation and evaluation for the 
wavelengths of Si I, Be 11, F I, He I and C1; the energy levels for Si I, C1, Be 11, F I and 
He I; and the transition probabilities of H, D, He, Li, Be, B, F, Ne, Na, hlg, -41 and Si. 
Dr. Wiese described the current databases on the WWW (http://physics.nist.gov) which 
include annotated bibliographic databases and numerical databases. He also described the 
programme for the first International Conference on the Atomic and Molecular Data and 
Their Applications (ICAMDATA), which was subsequently held a t  NIST (Gaithersburg, 
USA), September 29-October 2, 1997. 

Dr. H. Tawara reported that relocation of their laboratory to Toki city (30 km north 
of the previous location in Nagoya) was completed. He reported on the recent A+h'f 
data compilation, evaluation and recommendation activities, which include: calculations 
and analysis of the nl distributions of the electron-transferred states in He2+-He collisions; 
heavy particle collisions involving vibrationally-excited hydrogen, e.g. He-H2 (v,) collisions 
including fragmentation processes; electron-ion collisions (e.g. C 11-C IV and Be-like 
ions) and electron impact data; surface interactions in divertors, particularly control of 
formation of vibrationally-excited H2 by collisions with the surface. Dr. Tawara's data 
centre has now switched to to using UNIX and are reconstructing their databases using 
a relational database system. The retrieval system is now accessible through the WWW 
(http://dbshino.nifs.ac.jp). 

Session 1 continued with the presentation of Dr. D. Schultz (ORNL, USA) from the 
Controlled Fusion Atomic Data Center (CFADC). He reported that CFADC now main- 
tains the only US location for the JET/Strathclyde Atomic Data and Analysis Structure 
(ADAS, a suite of codes and data collection for extracting fundamental and derived atomic 
data and modelling radiating properties of atoms and ions in plasmas). CFADC now uses 
the WWW to maintain their bibliographic data compilation, and have also established on- 
line access to ALADDIN-formatted numerical A+M databases. The ORNL 'Redbooks' 
have also been digitally scanned and placed on CFADC's homepage. Current atomic data 
production efforts a t  CFL4DC include: an elastic scattering database for edge and diver- 
tor modelling; charge transfer and ionization in slow collisions of H+H, Hf +He, C++H: 
inelastic processes in collisions of Be, Ne. .Ar ions with H. H2. and He over a wide cnerg. 
range. 

The report of the .\+A1 activities a t  the Suclear Data Center of the .Japan -4tornic Eli- 
ergy Research Institute was presented by Dr. T. Shirai. He reported current fusion data 
evaluation work on: analytical fits for dissociation and particle interchange in collisions 
of H, HP, He, Li atoms and ions with atoms and molecules; calculations of cross sections 
for excitation and ionization of excited heliurn atoms in collisions with bare ions in the 



Glauber and CDW-EIS approximations; ion-molecule collision cross sections in the H i  
system (e.g. D++H2, and other possible variants): vibrational excitation and dissociative 
recombination in collisions of electrons with H; and HD+; state-selective electron-capture 
by Be2+ and Be3+ ions. Compilations of spectral data for the highly-ionized species of 
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Kr and Mo have been made, due to their importance in 
fusion research. 

Dr. J L. Delcroix (GAPHYOR, Orsay) described new developments and surveyed 
all features offered in the current GAPHYOR database system. Developments on the 
WWW for GAPHYOR have developed very rapidly since the 13th AGM meeting. He 
described their homepage (http://gaphyor.Ipgp.u-psud.fr) and the main query form, links, 
and search criteria used for bibliographic and numerical data retrievals. User statistics 
for the GAPHYOR centre were discussed. 

The data activities of the A+M Data Centre a t  the Scientific Research Centre "Kur- 
chatov Institute" (Moscow) were presented by Dr. V. Abramov. The main activities 
reported were: collection of the A+M bibliography from Russian publications, compila- 
tion of cross sections for processes involving Be ions, calculations of the radiative cooling 
rates for Be and Ne-seeded plasmas, evaluation of excitation cross sections for different 
metallic ions. Dr. Abramov briefly reviewed the physics of the core plasma, although he 
indicated that  study of the divertor processes have more priority. He indicated that the 
accuracy of A+M data for ITER must be high, and that such data can only become more 
important. 

Dr. A. Godunov (Troitsk Institute of Innovation and Fusion Research, Troitsk. 
Moscow region) presented data activities from the Troitsk Atomic Data Group (TADG). 
He discussed the advantages and features of the TADG HiBase System used for atomic 
data  storage and retrieval. The TADG has also addressed one of the priorities recom- 
mended in the 13th AGM meeting, namely, the compilation, evaluation, and generation of 
comprehensive data  on all processes relevant to fusion for Ne and its ions. These include 
ionization by electron impact (with recommended analytic fits), and suggesting a new 
analytic formula with less parameters than the now-used ALADDIN evaluation function 
BELI. Advantages and disadvantages of the new exponential fitting formula for ioniza- 
tion were discussed, and results for Ne ionization cross sections presented. Dr. Godunov 
promoted formation of a world-wide A+M Data Centre Network, covering all aspects of 
data handling (software and data exchange, linked Web sites, data representation, forms, 
etc.). 

Dr. W. Eckstein (IPP, Garching) reported on data production, collection and eval- 
uation a t  IPP-Garching. The main area of the data activities a t  IPP are kinetic reflection 
and sputtering of bombarding species. New divertor designs require sputtering data for 
hydrogen isotopes and by noble gas species, including self-sputtering Sew data  is being 
generated by computer simulation using the binary collision program TRILI.SP for sput- 
tering yields and efficiency. Particle and energy reflection coefficients for a large number 
of projectile-target combinations over a wide rage of energies and angles were reported for 
H, D, T ,  N, Ne and .4r, and can be retrieved from their UNIX system with 'afs'. Tables 
for the mean depth of implanted atoms can also be produced from this data. 



Dr. Y. Rhee (KAERI, Taejon) presented data centre activities a t  the Laboratory for 
Quantum Optics, which supports several atomic, molecular, and optical (BhIO) physics 
programmes. He specifically reviewed the objectives and scope of the .i\hIO data man- 
agement a t  the centre. These objectives include fusion research. Data production and 
evaluation in the fusion area has been initiated for energy levels, reaction cross sections, 
and electron impact excitation, including an AhfO bibliographic database. AkIODS is 
the database system and is accessible on the Web (http://amods.kaeri.re.kr). 

Dr. Y. Ralchenko (Weizmann Institute, Rehevot) reviewed atomic data activities a t  
his plasma research laboratory. Data production here is for plasma diagnostic needs in- 
cluding collisional cross sections, photoionization cross sections, and oscillator strengths. 
These include atoms and ions relevant to fusion data needs, e.g., H-like, Li-like, and Be- 
like ions. A comprehensive list of atomics physics resources and Websites on the Internet 
is included on their homepage (http://plasma-gate.weizmann.ac.il). There are 30 atomic 
databases and 6 plasma databases. A database of for excitation and ionization cross 
sections currently available for H I, He I, He I1 and Be I, computed using the conver- 
gent close-coupling (CCC) method (in collaboration with Dr. I. Bray). The homepage 
now includes Web interfaces for the interactive generation of atomic data using Cowan's 
Hartree-Fock code for atomic energy levels and oscillator strengths, and Vainshtein's 
Coulomb-Born-exchange code for calculation of electron-impact excitation cross sections 
of atoms. 

Dr. S u n  Yongsheng presented a progress report of the A+M data activities a t  
CRAAMD, Beijing. The CRAAMD centre has now completed a project which has gen- 
erated and evaluated electron-impact excitation cross section data for Ne and Ne ions 
published up to  mid-1996. The data has been ALADDIN formatted, and was submitted 
to the A+M Data Unit's for storage and implementation in its databases. Electron impact 
ionization data for Ne and Ne ions has also been collected and stored in the ALADDIN 
format, including rate coefficients for Neq+ (q = 1 - 9). This effort strongly compliments 
the work of Godunov's data centre on Ne and its ions. 

At the close of Session 1 Dr. J. S tephens  (IAEA, A+M Data Unit) presented a report 
of activities of the IAEA A+M Data Unit. The activities were divided into three areas: 
database development, data evaluation and recommendation, and Co-ordinated Research 
Programmes (CRPs). The status of the A+M Data Unit's database system XMDIS 
(Atomic and Molecular Data Information System) was reviewed. AMDIS contains the 
Data Unit's on-line service for the ALADDIN numerical databases, and AbIBDAS, the 
IXEA X+bI Bibliographic Database. Favorable usage statistics (since activation in .June 
1995) indicate its usefulness as a database system and effective interface to the ALX1)DIX 
databases. -4 W\VW homepage has been written (http://w~v~v.iaea.org/programmes/amdis) 
which describes the Data Cnit's activities and also provides access to the .l lIDIS system 
and the ALXDDIN databases. In data evaluation and recommendation. a database on 
the chemical erosion of Be, C and W has been evaluated following conclusiorl of a five- 
year CRP, and will be published in Nucl.  Fus. Suppl.  in two volumes. +A critical 
assessment of electron impact cross sections for Be and B plasma impurity ions has been 
made (with K. Bartschat, K. Berrington, and I. Bray). An AL-IDDIN collisional database 



for Lithium-beam interactions (previously preparcci t)y . J .  Srnitli and R .  .Jaw\.) has I~cc~ti 
added to the on-line ALXDDIS databases. 

2.2 Session 2: Data Generation and Priorities in Data Com- 
pilation and Evaluation (Chairman: Dr. Y. Rhee) 

Dr .  K. Ber r ing ton  (Queen's University of Belfast, U K )  briefly revic?~ved the Opacity 
project and then discussed in-depth the "P-C1" project. This latter project will yield a 
systematic study and database of bound-bound oscillator strengths and photoionization 
cross sections for atoms and ions Pq+-CIq+l using R-matrix techniques with multi-state and 
inner-shell excitations. The Iron Project is generating a database of collision strengtIis for 
the electronic excitation of Feq+ (mainly Fe+'). Dr. Berrington reviewed the results anti 
conclusions of an IAEA Consultants' Meeting on the "Critical Assessment of Elcctro~i- 
Impact Cross Section Database for Be and B Plasma Impurity Ions". At the close. of 
the presentation, Dr. Berrington expressed the view that the IAEA should define the 
essential data needs, coordinate tasks and deadlines for data productions, and organize 
user/producer collaborations. 

Dr. L. P resnykov  (Lebedev Physical Institute, Moscow) reviewed t,hc atomic data 
generation efforts a t  three Russian Research Centres: the Lebedev Physical Institute 
(RAS), the Institute of Spectroscopy (RAS), and the Institute for Physico-Technical kIca- 
surements: VNIIFTRI. Focusing mainly on activities a t  the Lebedev Institute, Dr. Prcs- 
nykov described the theoretical methods and computer codes used for data production. 
The main codes are ATOM and MZ (radiative and electron collision pro<:esses), ION- 
COL (ion-atom and ion-ion processes), and GKU (level populations and intensities), and 
there are estimated accuracies available for output from the three codes. Dr. Presnykov 
mentioned that a goal of their database activities is to store methods for calculation arid 
final formulas instead of data itself. Dr. Presnykov briefly discussed activities a t  the In- 
stitute of Spectroscopy and VNIIFTRI; the former centre concentrates 011 the systematic 
study of spectra of many-electron ions and bibliographic data, the latter centre on x-ray 
spectroscopy of multicharged ions and the SPECTR database. 

The last presentation of Session 2 was given by Dr. M. Dimitrijevid (.Astronomical 
Observatory, Belgrade), who discussed experimental and theoretical studies of t,he spc.c*- 
troscopy of many elements (e.g. Fe 11. Ca 11, and Be 11) within thc ast,rophysi(:al ~orit(lxt. 
Thc data from this work is available via their ST,ARK database. ac~cessit)lt. by a tc>lric:t, 
st:ssion (mesi~Ga.ol~spiri.fr. user: stark). 

Following lunch t.hcrc> was a denionstratior1 o f  data c-t1ritrc' \\It'\\' page's. nritl  sof't.i~i\rt> 
ticmonstrations by D r .  Y. Ralchenko (\Yc~iz~~iann Inst i t l~to) .  illid Dr. J. S t e p h e n s  
(I.4E.4) in Roo111 A23-4 1. 

Session 2 was concluded with an open cliscrission lctl tn. Dr. R. Janev on prioritic's 
in -4+.1I data cornpilation and evaluation. I t  was agrctld t tiat most of' t lit' prioritic's 
summarized in Scct.iori 3.4 and Appendix 4 of tho Su~nrnary Report tor t l io  13th ;\GlI 
hleeting rernairi valid. It was agreed that needs for the (*or(: plasma itrere satisfied. Ncir 
or itdj11st.cd data prior it it.^ which were idrlntific~cl dl~ring the. l l t , h  .4G,11 art. silrnrliarizc~cl 



in Section 4 below 

2.3 Session 3: Data Processing and Exchange 
(Chairman: J.  L. Delcroix) 

This session was devoted to a discussion on the ALADDIN implementation, World-Wide- 
Web developments and use, and future DCN activities. There were open discussions with 
contributions from all meeting participants. The ALADDIN data format is recognized 
as the internationally adopted format for atomic, molecular, particle-surface interaction 
and material properties data exchange among data centres themselves and among data  
centres and the fusion community. 

Although the importance of the ALADDIN format for collaboration among differ- 
ent da ta  centers was acknowledged, the desire to further identify what the fusion mod- 
ellers really need was stressed repeatedly. Three members of the Data Centre Network 
(Drs. Schultz, Godunov and Ralchenko) volunteered to to approach the problem of identi- 
fying the needs of the fusion modeller, with coordination and assistance by the A+M Data 
Unit. It  was further suggested that the ALADDIN concept be extended to  new regimes, 
with a more flexible format and user interface to the ALADDIN programs themselves. 
The ALADDIN programs and concept needs to be fully integrated using the WWW as 
the main interface with users in the future, with "user friendliness'' kept in mind. A Web 
link to the Opacity and Iron Projects (and the ADAS database) was suggested a t  relevant 
atomic physics and fusion science Web database sites. 

It  was pointed out that there is an important difference bewteen database "mirroring" 
and "subsuming", i.e. the latter process occurring without proper credit assigned to 
the database originators. The latter situation is obviously deemed unacceptable within 
the DCN community. 

It  was suggested that  a new document be created to list priorities in fusion research; 
such a document could be sent around or maintained on a WWW page. The A+M 
Data Unit will be responsible for this document and its distribution. It was also agreed 
that a News page should be set up on the A+M Data Unit's WWPV homepage and 
contributed to  on a regular basis by members of the Data Centre Network. This will 
facilitate communication and make collaboration among all Data Centres much easier. 

2.4 Session 4: Meeting Conclusion and Recommendations 
(Chairman: J. A. Stephens) 

The presentations and discussions a t  the 14th .Advisory Group Meeting regarding the 
-\+>I, PSI and data-related activities in the .A+bI Data Centre Network, the da ta  pro- 
cessing, management and exchange methodology, present and future use of the \Vorld- 
'IVide-Web, the ALADDIN system implementation and development, and the priorities 
in A+hl data compilation and evaluation work have resulted in the following conclusions 
and recommendations. 



2.5 Conclusions 

2.6 Status of Data Generation and Priorities in Data Compi- 
lation and Evaluation 

1. It was concluded that the comprehensive summary of data needs arid priorities 
presented a t  the 13th AGM are still valid. This list of priorities are presented 
in the IAEA report INDC(NDS)-339, prepared by Dr. J. Botero following the 
13th AGM (copies are available from the A+M Data Unit). 

2. The IAEA experts' meetings, consultants' meetings, co-ordinated research pro- 
grammes and individual consultants make a significant contribution to the data 
evaluation effort. The IAEA also needs to help "enforce" the quality control of 
atomic and molecular data for fusion research. A list of approved sites where 
A+M data for fusion can be obtained needs to be created. 

3. The Advisory Group observes an increase of data generation activities in the 
A+M Data Centre Network more of which is freely available on the Web. The 
strengthening of this effort in terms of quality, direction and organization (in 
terms of fusion research) is highly encouraged and needed. 

2.7 Data Processing and Exchange (ALADDIN) 

1. The implementation of ALADDIN in the data exchange among the A+M data 
centres is well established. Yet with new Web capabilities the need for an 
improved user interface and technical extensions of ALADDIN are desirable. 
A common exchange format such as employed by ALADDIN guarantees com- 
patibility among all data centres which have an interface of their own system 
to  ALADDIN formatted data. Thus the need for such a common data ex- 
change mechanisms remains highly desirable. Increasing the advantages of 
employing ALADDIN using a Web interface is highly desirable. One data cen- 
tre (CFADC) has implemented a working model for a WWW interface of the 
ALADDIN programs. The A+M Data Unit's Web site also has available all 
ALADDIN programs and formatted data available for downloading. 

2. In order to improve the communication and data exchange among data centres, 
a News page will be implemented on the ,4+hI Data Unit's LVWW site, with 
list of data activities provided by the data centres. This list and description 
will be updated quarterly. 

3. The -4dvisory Group concluded that the efforts on data compilation and AL- 
ADDIN formatting of data have to be strengthened by making more contact 
with the fusion modeller user community to identify desirable improvements 
in the use of .%LADDIN. 

4. There is a valid need for mirroring (at authorized Web sites) atomic and molec- 
ular databases in Europe, North America, and elsewhere. This will decrease 



access times and downloads between the regions. Specific sites for mirroring 
are to be identified, and insofar as possible, implemented before the 15th -4GL-I. 

2.8 Priorities in Data Compilation, Evaluation and Generation 

A comprehensive list of priorities has been presented in the I.4E.4 report INDC(NDS)- 
339 (prepared by Dr. J .  Botero) following the 13th AGM in 1995, and is available from 
the A+M Data Unit. The 14th Advisory Group adopted the following additions and 
additional emphasis to the list presented in INDC(NDS)-339: 

1. Plasma-core region 

(a) Cross sections for electron impact (excitation, ionization, radiative arid di- 
electronic recombination) and charge exchange processes involving incom- 
pletely stripped ions, particularly those of Be, C, and B. Energy range: 
from a few keV to 30 keV. 

(b) Charge exchange collision cross sections of XQf (X = Be, C, and B) with 
H, H+ and He:. Energy range: from 1 eV (or threshold) to 500 eV. 

2. Plasma-edge region 

(a) A complete collisional database for N, N2, Ne and Ar is needed. 
(b) Studies of collision processes of the ions H:, H$ with e-, H, H', Hz, H i ,  

He, He+, He: and other projectiles (relevant to proposed radiative cooling 
scheme of divertors). 

2.9 Recommended Actions 

The Advisory Group recommended the following actions be taken by the IAEA A+M 
Data Unit: 

1. Continue the efforts on the co-ordination of data compilation, evaluation and 
recommendation by the Data Centre Network along the lines presented in the 
conclusions of this meeting (see previous section). 

2. Form a Task Group to further define what interface fusion data  users really 
desire, and investigate questions of how ALADDIN can and should be advanced 
from a user perspective. BIembers of this Task Group presently include of 
Drs. D. Schultz, Y. Ralchenko and .A. Godunov, with co-ordination by the 
A+hf Data Unit. 

3. Utilize the World-LVide-Web by providing a t  its site a Links page to other fusion 
laboratories and Data Centres. as well as a News page providing a clescription 
of on going data activities a t  the data centres. 

4. Strengthen its efforts on the coordination of data generation projects through 
its Co-ordinated Research Programmes in order to meet the evolving A+M 
and PSI data needs of the fusion community, in particular those for ITER. 



,5. Crcatr~ a nenr cloc~rimc~it to list the tlat;i priorities in frlsiori rcsenrctl n11cl dis- 
tribute this to thc Data Cc~itrc  Kctwork, o.p,.. o n  its \Iv\V\\- sit(> and I)? rclgulnr 
[nail. o11 a scrrli-annual basis. 

NEXT BAGE(S) I 
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Appendix 2 

IAEA Advisory Group Meeting on 
"Technical Aspects of Atomic and Molecular Data Processing and Exchange 

(14th Meeting of the Atomic and Molecular Data Centres and ALADDIN Network)" 

2 1-22 July 1997, IAEA Headquarters, Vienna, Austria 

PROPOSED MEETING AGENlDA 

Mondav. Julv 2 1 

09:30 - 09:45 

Session 1. 

Chairman: 

09:45 - 10:45 

12:OO - 14:OO 

Session 1. 

Chairman: 

14:OO - 15:30 

Meeting room: C-07-V 

- Opening (R.K. Janev, Head A+M Data Unit) 
- Adoption of Agenda 

Current Activities of the A+M Data Centres 

Abrarnov 

Reports fiom Data Centres: 
Wiese (NIST), Tawara (NIFS) 

Coffee break 

Reports from Data Centres: 
Schultz (ORNL), Shirai (JAERI) 

Lunch 

(Cont'd.) 

Wiese 

Reports from Data Centres: 
Delcroix (GAPHYOR). Abramov (Kurchatov Institute). 
Godunov (ITI-Troitsk) 

Coffee break 

Reports from Data Centres: 
Eckstein (Max-Planck-Institute, Garching), Rhee (KAERI) 
Ralchenko (Weizmann Institute) 



Tuesdav. Julv 22 

Session 1. 

Chairman: 

09:30 - 10:30 

10:30 - 1 1 :00 

Session 2. 

Chairman: 

1 1 :OO - 1 1 :30 

12:30 - 14:OQ 

Session 2. 

14:OO - 14:30 

Session 3. 

Chairman: 

14:30 - 16:OO 

16:OO - 16:30 

16:30 - 17:OO 

Session 4: 

Chairman: 

17:OO - 17:30 

17:30 - 

(Cont'd.) 

Tawara 

Reports from Data Centres: 
Yongsheng (CRAAMD, Bejing), Stephens (IAEA) 

Coffee break 

Data Generation and Priorities in Data compilation and Evaluation 

New "Converged" Collisional Data for Atoms and Ions 
Berrin~ton (Queen's University of Belfast) 

Atomic Data Generation at Lebedev Physical Institute and 
other Research Centres 
Presn~kov (Lebedev Institute) 

Stark Broadening Data for Fusion, Laboratory and Astrophysical Plasmas. 
Present Status and Perspectives. 
Dimitrijevik (Astronomical Observatory, Belgrade) 

Lunch 

(Cont'd.) 

Priorities in A+M Data Compilation and Evaluation (Janev) 

Data Processing and Exchange 

Delcroix 

- ALADDIN Implementation and Developments; Possibilities for Technical 
Improvements: Comments from all Data Centres (all participants) 

- Mirror Sites for AMDISIALADDIN 

Coffee break 

Plan of DCN Activities for the Near Future (coordination: Janev) 

meet in^ Conclusions and Recommendations 

Stephens 

Formulation of Meeting Conclusions and Recommendations 

Adjourn of the Meeting 



Appendix 3 

Data Centres Report of Activities 



Activities of the Atomic Spectroscopy Data Centers at the 
National Institute of Standards and Technology (NIST) 

1995-1997 
W. L. Wiese 

Data Center Director Staff 

Atomic Energy Levels and W. C. Martin J. Sugar (retired, contractor), 
Wavelengths A. Musgrove 

Atomic Transition Probabilities W. L. Wiese D. E. Kelleher 
J. R. Fuhr 

Spectral Line Shapes and Shifts W. L. Wiese No permanent workforce; 
Occasional contractors, guest scientists 

Compilations of Numerical Data* 

Wavelengths 

Recent Work In Progress 

Ar, Ga, Kr V-XXXVI, Be I Si I, Be 11, F I, He I, C1 

Energy Levels Zn, Ga, Ar, Be I Si I, C1, BeII, F I, He I 

Transition Probabilities All spectra of C, N 0 H, D, He, Li, Be, B, F, Ne, Na, 
Mg, Al, Si 

*If the chemical element symbol is given without roman numerals, spectra are compiled. 

Databases on the World Wide Web (address: http://physics.nist .gov) 

1. Annotated Bibliorrra~hic databases: 

Transition Probabilities, starting 1980. 
Line Widths and Shifts, starting 1978. 
Energy levels and wavelengths, starting 1968, (available soon). 

2. Numerical databases: 

An interactive searchable database with wavelengths, energy levels and transition 
probabilities for a limited number of chemical elements and spectra is currently available 
(version 1.1) .  A much more comprehensive tabulation, covering such spectroscopic data 
for all light elements up to Ni (Z = 28) and also including wavelength material on the 
heavier elements (Z = 99), is in the final testing stage, with a planned release date of 
Fall 1997. 

Also, two user-friendly databases have been developed for PC users with DOS operating 



Also, two user-friendly databases have been developed for PC users with DOS operating 
systems: 

1. NIST Spectroscopic Properties of Atoms and Atomic Ions, J. W. Gallagher, 
Standards Reference Database 38 

2. NIST Database for Atomic Spectroscopy, D. E. Kelleher, Standard Reference 
Database 3 1 

NIST Spectroscopic data publications 1995-1997: 

1. "Energy Levels of Zinc, Zn 1 through Zn XXX," J. Phys. Chem. Ref. Data 24 1803 (1995). 

2. "Spectral Data for Highly Ionized Krypton, Kr V through Kr XXXVI," J. Phys. Chem. Ref. 
Data 24, 1577 (1995. 

3. "Wavelengths and Energy Level Classifications for the Spectra of Gallium (Ga I through Ga 
XXXI)," J. Phys. Chem. Ref. Data, submitted (1997). 

4. "Spectral Data for Highly Ionized Atoms: Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Kr, and Mo," J. 
Phys. Chem. Ref. Data Monograph 8 (1997). 

5. "Atomic Transition Probabilities for Carbon, Nitrogen and Oxygen, A Critical Data 
Compilation," J. Phys. Chem. Ref. Data Monograph 7 (in press 1996). 

6. " A  Compilation of Energy Levels and Wavelengths for the Spectrum of Neutral Beryllium (Be 
I)," J. Phys. Chem. Ref. Data26, in press (1997). 

7. "Wavelengths and Energy Level Classifications for the Spectra of Argon (Ar I through Ar 
XVIII)," J. Phys. Chem. Ref. Data, submitted (1997). 



Progress Report on AM Data Activities at NIFS (1995-1997) 

H. Tawara (1 997.7.21-22) 

This spring, NIFS has finished the relocation of the Institute to Toki city, 30 km north of Nagoya, the 
former location for 30 years. 

The address of our new site is 
National Institute for Fusion Science 
Toki 509-52, Japan 

H. Tawara : 
fax (81)-52-789-4200 till the end of March, 1998 

(81 )-572-58-2628 
e-mail : tawara@nifs.ac.jp 

Due to this, we have to change the whole system of our data handling. 

0 Topics of activities 
1) Diagnostics for high temperature plasmas 
(a) Electron transfer data at high energies in H$+ + He collisions : 
We have calculated and analyzed the 011) distributions of the electron-transferred states in 

~ e ~ +  + He -> He+(nl) + He+. 
which are relevant to diagnostics of the burning plasmas. In particular, those calculated with CDW- 
EIS for nl=4s, 4p, 4d and 4f have been found to reproduce the observed results by Folkerts et al. 
(1994) reasonably well down to 20 kevfamu. 
More systematical calculations for the 0 distributions in this process have also been performed over 
a wide range of the collision energy (20 keV/amu-500 kevfamu) and the results are going to be 
published soon in NIFS-Data report (under the collaboration of R.Rivarola, Rosario, Argentina). 

2) Processes related with divertor plasmas 
(a) Collisions involving low-energy heavy neutral particles : 
These, relevant to the divertor design physics, are being pursued theoretically based on the quantum 
mechanical calculation. The main topics covers the collisions : 

He + H2(vi) -> He + H2(vr) 

- > H e + H + H  
with various initial vibrational excitation vi. 
We plan to publish our survey of the data for such low-energy heavy panicle collisions involving 
hydrogens and heliums (with the collaboration of K.Onda, Tokyo Univ. Sci. and T.Shirai, JAERI) 
soon. 

(b) Electron-ion collisions : 
Systematic calculations of the dielectronic recombination processes for relatively low-charged ions 
such as C 11-C IV and Be-like ions, which are relevant to the gas divertors, have been performed 
(under the collaboration of U.Safronova, Moscow). 

(c) ?he evaluation of electron impact data : 
The evaluation work involving various atoms and molecules under electron impact is in progress. The 
data of total scattering, elastic as well as inelastic (excitation, ionization dissociation) scattering are 
being included (under the collaboration of M.Hayashi, GEI, Nagoya). 



3) Surface interactions in divertors 
(a) Some important issues in low energy molecule-surface collisions have been reviewed with the 
emphasis on the mechanisms of formation of hydrogen molecules. One of the imponant findings is 
the fact that we can control the formation or fraction of the vibrationally excited hydrogen molecules 
by choosing the surface materials or their temperatures, depending on whether they really play an 
important role in the gas divertors. This result is going to be published soon in Comm. At. Mol. Opt. 
Phys. (under the collaboration of KSnowdon, Newcastle). 

II) Data management 
Our whole computer system has been changed to UNIX system and, thus, we are going to 
reconstruct our databases using the relational database (DB) managing system (dbshino) on the new 
computer. 
Now our data retrieval system can be accessible through WWW on 

http://dbshino.nifs.ac.jp/ 
The users are required to have their ID which can be obtained by asking 

dbmaster @dbshino.nifs.ac.jp 
Some reconstructions have been finished and it is now possible to look at our demonstration on 

http://amdata.nifs.ac.jp/amdata/ 
This reconstruction work is still under way. The whole DB system is expected to become accessible 
this fall. 
We are also constructing our mirror-site of ORNL DB under the new computer system which will be 
opened soon. 

For more detailed information on DB, please ask the followings : 
takako@dpkato.nifs.ac.jp 
murakami@dpkato.nifs.ac.jp 

I 4  International collaboration 
1) On the occasion of International Conference of Physics of Highly Charged Ions, Ohmiya, Japan, 
we have organized a small "International Symposium on Atomic and Molecular Processes in Fusion 
Plasmas" at NIFS over September 17-19, 1996. About 60 scientists including atomic and molecular 
physicists as well as plasma physicists had joined this symposium to discuss the present situations of 
atomic and molecular data for fusion and their applications. The summaries of the invited talks and 
posters have been published in NIFS-DATA-39. 

2) We had some visitors under our collaboration programs : 
Prof. R. Rivarola, Rosario, Argentina 
Prof. J. Dubau, Observatoire, Meudon, France 

N) Activity reports 
Our activities in the past years are summarized in the following NIFS-DATA series reports published 
(1995-1 997): 

NIFS-DATA-30 T. Nishikawa. T. Kawachi, K. Nishihara and T. fujimoto. 

Recommended Atomic Data for Collisiorral-Radiative Model o/ 
Li-like Ions arld Gain Calcltlalinrl for Li-like A1 1or1.i in rlre 
Recombining PIusnla; Sep. 1995 

NIFS-DATA-3 1 Y.  Yamarnura. K. Sakaoka and H. Tawara. 

Cornpurer Sinlltlariorl and Data Cornpilariorl o/Spllrreriri,q field by 

Hydrogen Isotopes ( 'H+.  2 ~ + ,  j ~ + )  and Heli~trn ("He+) lorr 
Impact from hlonaromic Solids ar Nornral Ir~ciderlce; Oct. 1995 



T. Kato, U. Safronova and M. Ohira, 
Dielectronic Recombination Rate Coeflicients to the Excited 
States of CII from CIII; Feb. 1996 

K.J. Snowdon and H. Tawara, 
Low Energy Molecule-Sufice Interaction Processes of Relevance 
to Next-Generation Fusion Devices; Mar. ' 1  996 

T. Ono, T. Kawamura, K. lshii and Y. Yamamura, 
Sputtering Held Formula for B,C Irradiated with Monoenergetic 

Ions at Normal Incidence; Apr. 1996 

I. Murakami, T. Kato and J. Dubau, 
UV and X-Ray Spectral Lines of Be-Like Fe Ion for Plasma 
Diagnostics; Apr. 1996 

K. Moribayashi and T. Kato, 
Dielecrronic Recombination of Be-like Fe ton; Apr. 1996 

U. Safronova, T. Kato and M. Ohira, 
Dielectronic Recombination Rate Coeficients to the Excited States 
of CIII from C M  July 1996 

T. F ujimoto, H. Sahara, G. Csanak and S.  Grabbe, 
Aromic States and Collisional Relaxation in Plasma Polarizafion 
Spectroscopy: Axially Symmetric Case; Oct. 1996 

H. Tawara (Ed.) 
Present Status on Atomic and Molecular Data Relevant to Fusiort 
P l a s m  Diagnostics and Modeling; Jan. 1997 

lnga Yu. Tolstikhina, 
LS-Averaged In Method as a Too1 of Studying the lnteractionr of 
Highly Charged lons with a Metal Surface; Jan. 1997 

K. Moribayashi and T. Kato, 
Atomic Nuclear Charge Scaling for Dielectronic Recombinarion to Be- 
like lons; Apr. 1997 

H. Tawara, 
Bibliography on Electron Transfer Processes in ion-ion / Atorn / 
Molecule Collisions -Updated 1997 -; May 1997 
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The ORNL Controlled Fusion Atomic Data Center 

Progress Report: 1997 

Staff 

David Schultz, Predrag Krstid, Edmund Mansky, Phillip Stancil, Weihong Liu, 
David Jeffery, Fay Ownby 

ORNL Consultants 

F'red Meyer, Charlie Havener, Mark Bannister 

External Consultants 

Brian Gilbody, Earl McDaniel, Ed Thomas, Tom Morgan, Mitch Pindzola, 





I I More idormation reaardh the hv~erllnks below I I 

ALADDIN BIBLIOGRAPHY REDBOOKS MIRF ASTROPHY SICS 

TAMOC ADNM' E-PRINTS PHYSICS DMSION I 

The mission of the Controlled Fusion Atomic Data Center (CFADC) is to compile, evaluate, 
recommend, and disseminate atomic and molecular collision data relevant to fusion energy research and 
development. The CFADC is supported through the U.S. Department of Energy, Office of Fusion 
Energy Sciences, and is part of the Oak Ridge National Laboratory's Physics Division. 

This World Wide Web site is intended to serve as an electronic interface between the Data Center's 
resources and the fusion energy community. Access to these databases and other tools will be an 
ongoing development.. through the links below. 

Further infomation on the history, funding and staff of the CFADC is available. 

Last Modified: January 14,1997. 



ALADDIN 
ALADDIN is a database management system accepted by the International Atomic Energy Agency for 
the exchange of atomic and molecular data of interest in fusion energy research and development. 

e Introduction: More informtim about who wroct ilLADDIN and what it is 

e Files: The data files that arc available in ALADDIN format 

e Programs: The data ALADDIN codes and dictionary files 

e Run ALADDIN: Interactive search of ALADDIN data files 

Last M o d i w  : Thurs&y July 6,1995. 

Return to CFADC Home Page 



ALADDIN programs and dictionary files 
The ALADDIN program is a sequence of FORTRAN programs including the main search program and 
evaluation functions. The recommended data has been fit to certain functional forms which require these 
evaluation functions. In addition, dictionary files are required by some of the files listed below. All files 
can be accessed o~ t l i n t  at the IAEA. To reach them telnet to ripcrs0l.iaea.or.at and use the username 
a W i n  . You can also download than directly through your browser from this site. For example, if you 
are using NCSA Mosaic, single click on the filt number below and your browser will view the 
appropriate . t .  file. You can then pull down on the Fi& widget of the browser and use Save as to 
download the file to your local host. 

Basic ALADDIN programs 

9 1. The main ALADDIN code (23935 bytes). 

e 2. The ALADDIN common block sub-code (3Q71 bytes). 

9 3. The ALADDIN Standard Interface Subroutine Package ALPACK (2223 bytes). 

4. The ALADDIN Fitted Form Subroutine Library ALFLIB (1 8229 bytes). 

9 5. The ALADDIN common block for ALPACK (21095 bytes). 

ALADDIN evaluation functions 
e 3. The basic set of ALADDIN evaluation functions (30822 bytes). 

ALADDIN dictionary files 

9 4. The general ALADDIN dictionary file (3003 bytes). 

e 5. Data dictionary of hierarchycal labels for atomic and molecular collisions (9594 bytes). 

9 6. Dictionary of evaluation functions and references (35377 bytes). 

Last Modified: October 24, 1 995. 



ALADDIN data fdes 
The list of recommended databases is given below. Those marked by an asterisk (*) are iii ALADDIN 
format and can be accessed on-line at tbe JAEA. Connect to the M A  via telnet to: 

te loet  : ripcrs0l . i a e a .  or. at 
account name: aladdin 

You can also download them dinctly through your browser from this site. For example, if you are using 
NCSA Mosaic, single click on the file number below and your browser will view the appropriate .at 
file. You can then pull down on the Fife widget of the browser and use Save rzs to download the file to 
your local host. 

A+M Collisional Databases 
e 1 .* "Atomic and Molecular Data far Fusion, Part I - Recommended Cross Sections and Rates for 
Electron Ionization of Light Atoms and Ions" K. L Bell H. B. Giibody, J. G. Hughes, A. E. Kingston, 
F. J. Smith. J. Phys. Chem. Ref. Data 12,891 (1983). -file contains databases I and 51 

e 2.* "RecOTnrnendtd Data on Excitation of Carbon and Oxygen Ions by Electron Collisions" Y. 
Itikawa, S. Hara, T. Kato, S. Nakazaki. M. S. Pindzola, D. H. Crandall. At. Data Nucl. Data Tables 
(ADNDT) 33,149 (1985). 

3.* 'Recommended Data on Atomic Collision Processes Involving Iron and Its Ions" C. Bottcher, D. 
C. Griffin, H. T. Hunter, R. K. Jancv, A. E Kingston, M. A. Lennon, R. A. Phaneuf, M. S. Pindzola, S. 
M. Younger. Nucl. Fusion, Special !bpplemtnt (1987). 

9 4.* "Collisions of Carbon and Oxygen Ions with Electrons, H, HZ and He." Atomic Data for 
Controlled Fusion Research, Vol. V. R. A. Phaneuf, R. K. Janev, M. S. Pindzola (Editors). Report 
ORNL-60901V5, Oak Ridge National Laboratory, Oak Ridge, Tennessee 3783 1 USA (1987). 

e 5.* "Atomic and Molecular Data for Fusion, Part II - Recom~ntndtd Cross Sections and Rates for 
Electron Ionization of Light Atoms aad Ions: Fluorine to Nickel." M. A. Lennon, K. L. Bell, H. B. 
Gilbody, J. G. Hughes, A. E. Kingston, M. J. Murray, F. J. Smith. J. Phys. Chem. Ref. Data 17, 1285 
( 1988). [This file contains databases 1 and 51 

6.* "Recommended Data for Excimion Rate Coefficients of Helium Atoms and Helium-like Ions by 
Electron Lmpact." T. Kato and S. Nakazaki. At. Data Nucl. Data Tables (ADNDT) 42,313 (1 989). 

9 7.* "Elementary Processes in Hydrogen-Helium Plasmas" R. K. Janev, W. D. Langer, K. Evans, Jr., 
D. E. Post, Jr., Springer-Verlag (1987). 

9 8.* "Collisions of H, H2, He and Li Atoms and Ions with Atoms and Molecules." Vol. 1. C. F. Barnett 
(Editor). Report ORNL-6086lVI. Oak Ridge National Laboratory, Oak Ridge, Tennessee 3783 1, USA 
(1990). 



9 9.* "Atomic and Molecular Data for Fusion, Part III. Recommended Cross Sections and Rates for 
Electron Ionization of Atoms and Ions: Copper to Uranium." M. J. Higgins, M. A. Lennon, J. G. 
Hughes, K. L. Bell, H. B. Gilbody, A. E. Kingston, F. J. Smith. Culharn Report, CLM-R294, Abingdon, 
Oxfordshire, U.K. (1 989). 

9 10. "Collisianal Pmcesses of Hydrocarbons in Hydrogen Plasmas." A. B. Ehrhardt, W. D. Langer. 
Report PPL-2477, Plasma Physics Laboratory, Princeton University, Princeton, New Jersey, USA 
(1 988). 

e 1 1 .* 'Recommended Cross Sections for Collision Processes of Hydrogen Ground-State and Excited 
Atoms with Electrons, Protons and Multiply Charged Atoms." R. K. Janev, J. J. Smith. Atomic and 
Plasma-Material Data for Fusion, a supplement to the journal Nuclear Fusion, Vo1.4 (1993). 

9 12. Volume 3 of the Atomic and Plasrna-Material Interaction Data for Fusion, a supplement of the 
journal Nuclear Fusion (1992), contains several articles with recommended data for different atomic 
collision processes of helium atoms and of beryllium and boron atoms and ions. 

Particle-Surface Interaction Databases 

9 1. "Energy Dependence of Ion-Induced Sputtering Yields of Monatomic Solids in the Low Energy 
Region." N. Matsunami, Y. Yamamura, N. Itoh, H. Tawara, T. Kawamura. Report lPPJ-AM-52, 
Institute of Plasma Physics (National Institute for Fusion Science), Nagoya, Japan (1987). 

e 2. "Energy Dependence of the Yields of Ion-Induced Sputtering of Monatomic Solids." N. 
Maksunami, Y. Yamaura, Y. Itikawa, N. Itoh, Y. Kazumata, S. Miyagawer, K. Morita, R. Strimizu, H. 
Tawara. Report IPPJ-AM-32, Institute of Plasma Physics (National Institute for Fusion Science), 
Nagoya, Japan (1988). 

e 3.* "Particle Reflection from Surfaces - A Recommended Data Base." E. W. Thomas, R. K. Janev and 
J. J. Smith. Report IAEA INDC(NDS)-249, July 1991. 

e 4.* "Sputtering Data." W. Eckstein, C. Garcia-Rosales, J. Roth and W. Ottenberger. 
Max-Plank-Institute fur Plasmaphysik Report IPP9182 (1993). 

O 5.* "An Evaluated Database for Sputtering." E. W. Thomas, R. K. Janev, J. Botero, J. J. Smith and Y. 
Qiu. Report IAEA INDC(NDS)-287 (1993). 

Last Modified : Tuesday July 18,1995. 

Return to Aladdin Home Page 



$ ION e H [+Ol ( G )  
& XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-8-7 #BELI 

13.6 0.185 -0.019 0.123 -0.190 0.953 

S ION e He [+Ol ( G )  
& XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-%-5 XBELI 

24.6 0.572 -0.344 -0.523 3.445 -6.821 5.578 
$ ION e He [+I] ( G )  
6 XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-8-10 XBELI 

54.4 0.185 0.089 0.131 0.388 -1.091 1.354 

$ ION e Li [+Ol ( G )  
6 XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-%-lo lBELI 

5.4 0.085 -0.004 0.757 -0.178 
$ ION e Li [+I] ( G )  
6 XS REC ACC-B BELFAST DOC-JPW-88-17/3 ERROR-8-12 lBELI 

75.6 0.722 -0.149 -1.301 1.944 
$ ION e Li [+2] (G) 
6 XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-a-10 XBELI 
122.4 0.400 

$ ION e Be [+O] ( G )  
6 XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-%-20 #BELI 

9.3 0.924 -0.770 0.362 
$ ION e Be [+I] ( G )  
6 XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-8-20 #BELI 

18.2 0.269 0.389 -1.836 3.939 -2.275 0.0 
92.82 18.2 0.753 -0.582 0.643 -0.966 

$ ION e Be [+2] (G) 
6 XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-8-20 XBELI 
153.9 0.796 -0.500 0.884 

$ ION e Be [+3]  ( G )  
& XS REC ACC-8 BELFAST DOC-JPCRD-88-17/3 ERROR-%-20 lBELI 
217.7 0.400 

$ ION e B [+O] (G) 
6 XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-O-20 BBELI 

8.3 1.106 -1.069 -0.088 
$ ION e B [ + I ]  (G) 
6 XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-8-20 WBELI 

25.1 0.907 -0.477 0.197 
$ ION e B [+2] (G) 
& XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-8-20 XBELI 

37.9 0.393 -0.082 -0.303 0.263 
$ ION e B [+3] ( G )  
& XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-8-20 XBELI 
259.4 0.796 -0.500 0.884 

$ ION e B [ + 4 1  (G) 
& XS REC ACC-B BELFAST DOC-JPCRD-88-17/3 ERROR-8-20 XBELI 
340.2 0.400 

$ ION e C [+Ol (G) 
& XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-8-5 XBELI 

11.3 2.114 -1.965 -0.608 
5 ION e C [+I] ( G )  
& XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-8-10 XBELI 

24.4 1.082 -0.161 -0.856 0.906 
$ ION e C [+2] ( G )  
6 XS REC ACC-A BELFAST DOC-JPCRD-88-17/3 ERROR-8-10 #BELI 

47.9 0.715 -0.041 0.175 
S ION e C [+21 ( * )  



The CFADC Bibliography 
Through a network of expert constiltants the CFADC maintains a cabgorized bibliography of atomic 
and molecular collision references relevant to fusion energy nsearch and development. Since the data 
center's inception in 1958, over 100 journals have been regularly searched and over 60,000 individual 
entries have bear ~ccumulat td Rsent ly ,  the bibliography may be queried on-line regarding the entries 
since 1978 (approximately 26,000). The archival entries dating from c.1950 to 1977 will be added in the 
near future. 

Categories: The major categories and stibcategories used in the bibliography 

9 Semhcategory: Initiate a search of the C F A X  Bibliographic Database by reaction category 

- - - - - - - - - 

@ Search-author: Initiate a search of the CFADC Bibliographic Database by author 

9 Journals: The journals which have been searched over the last decade 

Return to CFADC Home Page 

Last Modified: August 30,1995. 
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CFAD C Bibliographic Search 

Enter CFADC Catagory: b06 Example: A06 , E03 . H07 

Enter Reactant 41 : F- Example: He , e , h 

Enter Charge of Reactant 41: Example: 2 ,  -1 , 0 

Enter Reactant #2:  Example: H . B e  , H-2 

Enter Charge of Reactant 42: P Example: 0 , 1 , 4 

Clear search1 
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Bttp : //m-cfadc. phy. ornl. gov/cgi-binh J/abssarch. p l  
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The Results of Your Search Are: 
C 

PI, 
RECORD NUMBER 74 
EXPERIMENT OR THEORY: E- 
ENERGY RANGE: 1.5-3.0 keV 

- REACTANTS: A03: HeA+ + H-2 
AM: HeA+ + H 2 
JOURNAL: ~ h b .  Rev. A 
REFERENCE: 17,1296 (1978) 
AUTHOR(S): Erlksca, Fa J. 
J a b ,  D. H. 
TITLE: He(3N3P) cxdtatlonfn 1.5- and3.0-keV HeA+ + II-2 coRMons. ................................................................................ 
RECORD NUMBER: 900 
EXPERIMENT OR THEORY: T- 
ENERGY RANGE: 01335-028 eV 
REACTANTS: AW: HeA+ + H-2 
AM: HeA+ + H 2 
JOURNAL: 1. &em Phys. 
REFERENCE: 68,13 ( W e )  
AUTHOR(S): Ruton, R K 
Thompson. D. L. 
McLaugMB, D. R 
TITLE: A theoretical prediction of vibrational ahancement for dirsodatlve ch 
atge tmnsfer fn the HeH-2 A+ system. ................................................................................ 
RECORD NUMBER 3308 
EXPERIMENT OR THEORY: E 
ENERGY RANGE: 25-90 keV 
REACTANTS: A03: HeA+ + H-2 
AO3: HeA+ + Na 
AM: Hea+ + H-2 
AM: HeA+ + Na 
JOURNAL: Phys. Rev. Lett. 
REFERENCE: 42,440 (W9) 
AUTHOR(S): Hondal Pedurcn, E. 
TITLE: Metastable-atom population of fast neutral helium beams. ................................................................................ 
RECORD NUMBER 4717 
EXPERIMENT OR THEORY: T- 
ENERGY RANGE: 1 4  eV 
REACTANTS: A02: HeA+ + H - 2 
AM: HeA+ + H 2 
JOURNAL: ~ h - m  Phys. L t t t  
REFERENCE: 67,491 ( W 9 )  
AUTHOR(S): Schneidu, F. 
mcke, L. 
TITLE: Approximate diatomics-in-molecules potential energy surfaces and non-ad 
iabatic coupling for Hen+ + H-2. ................................................................................ 

~~ I aJ 

1 

/ 



me ~ d i t  ww GO ~ooknartct optknr ~irectwy WMOW Help 

el " 1  $21 I s I a l e I  _I 
B a ( c F o n n r d H o r w  M o d  0P.n 

bttq: //vw-cfadc. phy. ornl .  gov/search-auth. h t r l  

s 

CFAD C Bibliographic Search - Author Search 

Enter Author Last Name: unn 

Examples: Smith von Hellman DeLeone 

Enter Author F irs t  I n i t i a l :  

Examples: M Dz YP * 

Enter Author Second I n i t i a l :  F 
Examples: H Dz YY * 
(Any th i rd  i n i t i a l  is ignored) 

Pear Range (limits 78-96)  to 

Clear search1 



Re Edlt W w  Go BwbmWa Optbns Mrectmy Vhdow WP 

* I  1#1?21 ~ ~ ~ i 3 ~ g ~  1 m Haw RJod 

ttp : /hmr-cfadc. phy. ornl.. gov/cgi-bm/bib/auth/seuch-auth. p l  

I 

The Results of Your Search Are: 
- m, 

RECORD NUMBER 76 
EXPEIUMENT ORTHEORY E- 
ENERGY RANGE: OD65-2.0 eV 
REACTANTS: EO6: e +  NH-4"+ 
JOURNAL: Php. Rev. A 
REFERENCE: 17,1314 (1978) 
AUTHORS): DUB&, R D. 
J d M u ,  J. B. 
Dunn, a. H. 
TITLE: Dissodattve reurmbfnation cross sedianr tor NH_4"+ ions and eledrons 

................................................................................ 
RECORD NUMBER 1759 
EXPEIUMENT OR THEORY: E- 
ENERGY RANGE: 61-162 eV 
REACTANTS: E03: e +  MA+ 
JOURNAL: Phyr. Rev. A 
REFERENCE: 18, US3 (W8) 
AUTHOR(S): Rogers, W. T. 
olsea, J. 0. 
Dunn, G. H. 
TITLE: Absolute antsdon cross section for e k d r m - m a d  mitation of UA+ 
to the (2 "3P) level ................................................................................ 
RECORD NUMBER 3879 
EXPERIMENT OR THEORY: E- 
ENERGY RANGE: 4-50 eV 
REACTANTS: E03: e +  NA4^+ 
JOURNAL: Phys. Rev. A 
REFERENCE: 20,4LO (1979) 
AUTHOR(S): Gregory, D. C. 
Dux& G. H. 
Phaneut R A. 
Crandall, D. H. 
TITLE: Absolute m s s  sections for 2s-2p udtat ion of NA4"+ by electronirnpac 
t ................................................................................ 
RECORD NUMBER 6100 
EXPERIMENT OR THEORY: E- 
ENERGY RANGE: 500 eV 
REACTANTS: M3: e+ He 
JOURNAL: Proc XI ICPEAC, Kyoto, 

- REFERENCE: p.174, Nod-Holland (1979). 
AUTHOR(S): van2yl  B. 
Dunn, 0. H. 
Heddle, D.W.O. 
Chamb dain, G . E. 
TITLE: Benchmark a o s s  sections for electron impad utdtation of nAIS levels 
-a u- 
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Atomic Data for Fusion. Volume 1: Collisions of H, H 2, He, and 
Li Atoms and Ions with Atoms and Molecules (C. F. ~arnett ed.), 
ORNL-6086 (1990). 

A. Electron Capture Collisions 

A-1 Sub-hde< 

Electron Capture by Neutral H 

- A - 2 H + H - > H A - + H A t  

0- 

0- 
A 4  H  + H-2 -> HA- + H-2A+ 

- A - 1 O H . t H e - > H A - + H e t  
0- 
0- 

0- 

0- 
0- 

- A - E H . t L - > H A -  +LA+ 
0- 

0- 
0- 

- A - 2 Q H . t H A - - > H A  - +H 
0- 

Electron Capture by H A  + 
- A - U H A + + H  - > H + H h t  

0- 

0- 

- A  - 26 
Ad I gJJ 
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Progress Report on A+M data activities at the NDCIJAERI 
July 1995 - June 1997 

Toshizo Shirai 
Nuclear Data Center (NDC), Japan Atomic Energy Research Institute (JAERI) 

Tokai-mura, Ibaraki 3 19-1 1, Japan 

Compilation and evaluation work has been continued to make the 4th edition of Evaluated 

Atomic and Molecular Data Library (JEAMDL-4) for fusion in collaboration with the JAERI 

Research Committee on Atomic and Molecular Data and with researchers of ORNL and NIST 

under the US-Japan fusion cooperation program. The production of JEAMDL-5 for divertor 

plasma was undertaken at the beginning of this fiscal year. 

Data Activities and Work in Progress 

Analytical least-squares fits to the recommended cross sections were made for dissociation 

and particle interchange in collisions of H, H2, He, Li atoms and ions kith atoms and molecules 

[ I ] .  All these data sets are stored in the ALADDIN format as a part of EAMDL. Similar 

analytical fits were made to the recommended cross sections for collision processes between 

electrons and hydrocarbon molecules, such as CH4and so forth, that occur as impurities in divertor 

plasma [2]. Further application is now in progress for collision processes between electron and 

H20, CO and CO2 relevant to edge plasma impurities. 

In relation to the injection of energetic neutral beams into moderate and high density 

plasmas, cross sections were calculated for excitation and ionization of excited helium atoms in 

collisions with bare ions in the Glauber and CDW-EIS approximations, respectively, besides the 

Born approximation [3]. 

For the molecular processes relevant to gas dynamic divertor, some theoretical or 

experimental studies have been undertaken, which are summarized below. 

A theoretical study has been made on ion-molecule reactions in the H3+ (D ++ H2, D+ + D2, 

and H+ + Dz) system in the collision energy range of 2.5 to 8.0eV with the trajectory-surface- 

hopping method on ab initio three-dimensional potential energy surfaces [4, 51. The results agree 

well with experiments for the production of atomic and molecular ions. For the D2' ion formation 

above 5 eV, the present calculation overestimated its cross section, but the deviation from the 

experiments was within a factor of two. We will extend the calculations to the collision processes 

involving Hz molecules in ro-vibrational excited states. 

Cross sections for state-selective electron-capture by Be2' and Be3+ ions in collisions with 



He atoms were calculated at low collision energies below 9 keV/u by using the molecular-orbital 

expansion method modified by inclusion of the electron translation effect [6]. The results show 

that the BeZ+ formation becomes more probable, while the Be' formation becomes less probable, 

as the collision energy decreases. 

Theoretical data production has also been carried out for the cross sections for ro- 

vibrational excitation, dissociative recombination, and dissociative excitation in collisions between 

electron and IG+ (and isotopic variants) within a framework of multi-channel quantum defect 

theory. For the dissociative recombination of I-ID', the result agrees well with a recent 

experiment. 

Cross sections were measured for electron capture by C4+(q= 1-4) ions from Hz, CK,  Ca6 ,  

C~HI ,  and CO2 molecules in the energy range of (1-20)q keV [7]. The measurement is now in 

progress for Be and Cr ions in collisions with rare gases and carbon-containing molecules. 

We also undertook publication of a series of compilations of spectral data for highly ionized 

atoms: Ti, V, Cr, Mn, Fe, Co, NI, Cu, Kr, and Mo, of special importance for hsion research. All 

these data will be presented as a monograph [8]. Further data compilation has been made of 

wavelengths, energy levels, ionization energies, line classifications, intensities and transition 

probabilities for argon in all stages of ionization. 
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Compilation and evaluation work has been continued to make the 4th edition of Evaluated 

Atomic and Molecular Data Library (JEAMDL-4) for fusion in collaboration with the JAERI 

Research Committee on Atomic and Molecular Data and with researchers of ORNL and NIST 

under the US-Japan fbsion cooperation program. The production of JEAMDL-5 for divertor 

plasma was undertaken at the beginning of this fiscal year. 

Data Activities and Work in Progress 

Analytical least-squares fits to the recommended cross sections were made for dissociation 

and particle interchange in collisions of H, Hz, He, Li atoms and ions kith atoms and molecules 

[I].  All these data sets are stored in the ALADDIN format as a part of JEAMDL. Similar 

analytical fits were made to the recommended cross sections for collision processes between 

electrons and hydrocarbon molecules, such as CKand so forth, that occur as impurities in divertor 

plasma [a]. Further application is now in progress for collision processes between electron and 

H20, CO and CO2 relevant to edge plasma impurities. 

In relation to the injection of energetic neutral beams into moderate and high density 

plasmas, cross sections were calculated for excitation and ionization of excited helium atoms in 

collisions with bare ions in the Glauber and CDW-EIS approximations, respectively, besides the 

Born approximation [3]. 

For the molecular processes relevant to gas dynamic divertor, some theoretical or 
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hopping method on ab initio three-dimensional potential energy surfaces [4, 51. The results agree 
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experiments was within a factor of two. We will extend the calculations to the collision processes 

involving H2 molecules in ro-vibrational excited states. 

Cross sections for state-selective electron-capture by Be2+ and Be3+ ions in collisions with 



He atoms were calculated at low collision energies below 9 keVIu by using the molecular-orbital 

expansion method modified by inclusion of the electron translation effect [6]. The results show 

that the Be2' formation becomes more probable, while the Be' formation becomes less probable, 

as the collision energy decreases. 

Theoretical data production has also been carried out for the cross sections for ro- 

vibrational excitation, dissociative recombination, and dissociative excitation in collisions between 

electron and H2+ (and isotopic variants) within a framework of multi-channel quantum defect 

theory. For the dissociative recombination of HD', the result agrees well with a recent 

experiment. 

Cross sections were measured for electron capture by Cq+(q=l-4) ions h m  H2, CH4, C&, 

CsHs, and CO2 molecules in the energy range of (1-20)q keV [7]. The measurement is now in 

progress for Be and Cr ions in collisions with rare gases and cubon-containing molecules. 

We also undertook publication of a series of compilations of spectral data for highly ionized 

atoms: Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Kr, and Mo, of special importance for hsion research. All 

these data will be presented as a monograph [8]. Further data compilation has been made of 

wavelengths, energy levels, ionization energies, line classifications, intensities and transition 

probabilities for argon in all stages of ionization. 
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GAPHYOR DATA CENTER 1996-1997 

Status Report and Projects 
presented at the 14th Atomic and Molecular Data Centers Network Meeting IAEA, Vienna, 

21-23 July 1997, Rapport GA-279 

J.L. Delcroix, D. Humbert ,  C. Leprince 
Centre de Donnkes GAPHYOR,  hbomtoire  de Physique des Gaz et des Plasmas, 

Universitt Paris-Sud Orsay 
e-mail I : gaphym#Zpgp.u-psud.fr - e-mail 2 : delcroixOsupelec.fr 

GAPHYOR (GAz-PHYsicsORsay) Data Center produces a Database on the properties of 
atoms, molecules and neutral or ionized gases ; as of June 15th 1997 the GAPHYOR file included 
about 495 000 entries. GAPHYOR includes now more than 18 000 Numerical Data , completing 
its traditional bibliographical and factual information. 

On-line dissemination through Internet (WWW) has developed rapidly, with a total of 4 807 
distinct visitors including 834 effective users, during the last fifteen monthes. 

The paper publications are : 
- GAPHYOR UPDATE : the last entries (last issue published in January 1997) 
- GAPHYOR HANDBOOK : a selection of best entries (last issue published in July 1997) 

The future developments include : 
- some improvements in our request program (years, authors, journals, ...), 
- a better service on-line by increase of our computer power, 
- a better coverage of the litterature by association of new experts, 
- an increase in volume and quality of Numerical Data, 
- an evaluation of possible improvements in our paper publication policy, 
- attempts to improve our cooperation with other Data Centers, 

Le Centre de Donnies GAPHYOR [CAz-PHYsique-ORsay) produit me Banque de Donnkes 
sur les propriitis des atomes, des moEcules et des gaz neutres ou i o n i s b  ; au 15 Juin 1997 le 
fichier GAPHYOR comprenait environ 495 000 enregistrements, avec maintenant plus de 18 000 
donnies numiriques, wmpl2tant les traditionnelles informations bibliogmphiques et jactuelles. 

Le senrice de consultation en ligne sur Internet ( W W W )  slest rapidement diveloppe' avec u n  
total de 4 807 visiteurs distincts, incluant 834 utilzsateurs effectifs, dumnt les quinze derniers 
mois. 

Les publications sur papier sont les suivantes : 
- G A P H Y O R  UPDATE : entrees re'centes (dernztre parution Januier 1997) 
- G A P H Y O R  HANDBOOK : une se'lection des medleures donnkes (dernitre parution Juillet 1997). 

Nos projets de diveloppement portent sur : 
- quelques ame'liomtions de notre programme d 'interrogation (annie, auteur, journal, . ..) 
- u n  medleur service a ligne par augmentation de nos moyens informatiques, 
- une meilbure couverture de la littirature par association de nouveaux ever t s ,  
- une augrnentalion en volume et qualzti de nos Donne'es Numiriques, 
- une amiliomtion iventuelle de notre politique en matzkre de publications papier, 
- u n  deiteloppement de notre coopiration avec les autres Centres de Donne'es, 

July 18, 1997 
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1 Some Statistics 

As of 15th of June 1997, the total number of entries in the files was about 495 000 distributed as 
shown in Table 1. This means that 40 000 new entries (including 18 000 Numerical Data) have 
been collected during the last two years. 

Table I: Statistics of Data (June 15th, 1997) 

Sections 
Factual Data 
Numerical Data 
C 

2 Collection of new Data 

The regular collection of Data from the litterature is made by the group of GAPHYOR experts : 

Structures Photon coll. Electron coll. At./mol. coll. Macro. prop. 
267 178 26 941 29 743 124 753 32 006 
6 642 34 7 1 650 9 010 734 

272 730 27 244 30 810 132 107 32 642 

M. Au b&s, A. Ricard Universite' Paul Sabatier, Todouse 
J .  P .  B o o t h  Universite' de Grenoble 

M. Costes, J .  Masanet  Universite' Bonieauz 1 
A.M.  Diamy, C. La10 Universite' Pierre et Marie Curie, Paris 

J .L .  Delcroix, C .  Hellner Universite' Paris-Sud 
V. Hrachova, R.Hrach Karlova Uniu., Praha, RQublique TchGque 

P.  Veis Comenits Clnzv., Bratislava, Slovaquie 

C 
480 621 
18 383 

495 533 

The origin of Data is shown in Table 2 below 

Table 2: Origin of Data 

' Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Code Title 
JCP  J .  Chem. Phys. 
JPC J. Phys. Chcm. 
PR/ A Phys. Rev. A 
JRD J.Phys.Ch.Ret Data 
JMSCt-JMSR J. Molec. Stuctures 
CHPL Chem. Phys. Lett. 
ADXD Atom.. data and nuclear data tables 
JP/B J.  Phys. B 
IJMS Int. J .  Mass spec. ion. phys. 
J ACS J ,  of the Am.Chem.Soc. 
EACC+EACI Conf.Phys.elec.atom.Coll. 
JMSP J . Molec. Spectroscopy 
ZP/D Z. Phys. D 
NIFD+IPPJ hagoya Reports 
CHPH Chem. Phys. 
ZFKH Zh. Fiz Khim. 
MOL Molecular Phys. 
NBSS NBS Special Pub. 
OASK+OAS Opt. i Spektr. 
IJQC 1nt.J .Quantum Chem. 
C 
... ... 
CC 

References Entries 
19343 84882 
5039 38806 
794 1 31774 
296 28821 

241 1 21 069 
6316 20709 
288 18198 
6037 17847 
1184 10798 
1081 10185 
3151 9871 
4649 8733 
1175 834 6 
95 7181 

1966 6919 
773 6122 

2009 6015 
63 5476 

1723 5264 
950 4746 

66490 351762 
... . . . 

96242 495533 



3 Structure of Data 

The structure of Data has suffered only minor changes, with respect to the description given in 
our 1995 report at our last meeting. Let us mention here only the most significant modifications : 

3.1 Chemical elements 

We have introduced the following notations to describe the transuranian elements : 

3.2 Numerical Data 
The numerical Data are registered in three fields : 

ENVA gives the energy, or energy range covered by the numerical Data. Examples : 

VAL gives the values them-selves (lifetimes, cross-sections, reaction rates, . . . ). Examples : 

1. 3.5 E l 6  cm2 

2. 3.5 - 6.4 E l 6  cm2 

3. 3.5 - 12.2 - 6.4 G16 cm2 

4. max x 12.6 E-16 cm2 a t  x 50 eV. 

REM gives additional informations such as spectroscopic notations of levels. 

Note that the general idea is to  give simple information (eg. lifetimes, reaction rates), or in more 
complexe cases (cross section curves, large tables, ...) some order of magnitudes, as for instance 
the extremities and the maximum on a cross section curve (cf. 3rd example above). 

4 Paper publications 

The HANDBOOK and the UPDATE philosophies have been described in detail in the Progress 
Report presented a t  the 13th meeting of our Data Center Network. Let us summarize them quickly. 

4.1 Handbook 
The HAKDBOOK presents a selection taken lronl the whole GAPHYOR Database. The selection 
criteria depend on quality and actuality of data. More precisely the selection is made as follows : 

Assigning a value index (cf. Annex 1) to every GAPHYOR record. Kote that the indexes 
are chosen so as to include in the Hanbook all the Numerical Data. 

Multiplets .  A catalog of the "multiplets" included in the Base is then produced. A mul- 
tiplet is the set of entries describing the same process : same values of elements, reactants, 
processes. 

Separat ion in two volurnes. Volume 1 includes Standard Data, i.e. those related to 
atoms and small molecules. Volunie 2 covers Special Data related to  some fields extending 
the general scope of GAPHYOR : 

1. Multicharged ions 



2. Iso-electronic series 

3. Clusters 

4. Gas-SurTace interactions 

Selection. 
- For every multiplet one selects the entry having the highest value index. One registers 
moreover the multiplicity ML'LT i.e. the nurnber of entries in the multiplet. 
- To decrease the global volume of the selection one eliminates all the entries whose value 
index is smaller than a given minimum value. The minimum value in Handbook 97 has been 
fixed a t  52 in Volume 1 and 43 in Volume 2. 

Finally, Table 3 shows some statistics linking togelher the Handbook 97 and the whole Database. 
The average multiplicity is about 2.2 in Volunie 1 and 1.6 in Volume 2. For Sections 3 and 4, 
describing Collisions and Reactions, the Handbook covers only 17% (in Volume 1) and 60% (in 
Volume 2) of the topics (multiplets) included in the Base. The coverage in Sections 1 (structures), 
2 (photonic collisions) and 5 (macroscopic processes) are much smaller, especially in Volume 1. 
This was a deliberate choice in this I997 Handbook. 

Table 3: Statistics of entries and multiplets. 

Sections 
BASE (Vol 1)  
Entries 
Mnltiplets 
Multiplicity 
HAKDBOOK (Vol 1) 
Numerical Mul tiplets 
Selected multiplets (IVL52) 
Selection (IV252) 
BASE (Vol 2) 
Entries 
Multiplets 
Multiplicity 
HANDBOOK (Vol 2) 
Numerical Multiplets 
Selected multiplets fIV243) 
Selection (IV143) 

Remark. Note that the selection presented in the I-Iandbook is rather restricted. To get more 
information, the on-line connection on the \!rub (http://gaphyor.lpgp.u-psud.fr) should be used. 

4.2 Update 

1 2 3 4 5 

231 779 24 661 23 009 110 053 26 722 
83 641 13 736 8 266 68 163 12 421 

2.8 1.8 2.8 1.6 2.2 

3 60.5 265 714 5708 568 
3 6UU 1 201 1 473 10 955 568 

4 %  9% 18% 16% 5% 

39955 2522 7727 21534 5848 
20018 2179 4529 16958 5562 

2.0 1.2 1.7 1.3 1.1 

1817 28 322 1461 64 
191 4 541 2937 9285 90 
10% 25% 65% 55% 2% 

GAPHYOR UPDATE is now published once a pear : It includes the new entries registered during 
the last year. The last published issue is UI'DIZTE 96 (published in January 1997). This includes 
about 25 000 entries. 

C 

416 224 
186 230 

2.2 

10860 
17 797 
10% 

77586 
49246 

1.6 

3692 
14767 
30% 



5 Internet server 

On-line dissemination through lnternct (\lf\\'\\') has dc\.clopcd rapidly, during the last fifteen 
monthes. Let us then describe quickly sorrlc pagcs of' our server. 

5.1 Home Page 

The text version of GAPHYOR Horne page is sl-io~vn below, with the various links underlined 
(external links in italics). 

Centre de Donnhes GAPII~'O11 

A Database for Atoms, Molecules, Gases and Plasmas 
Produced by a Group of Research Centers led by LPCP, UniversitC Paris-Sud, France. 

to Rench Version 

Overview Database Handbook and Update I;i!es - Help Home Contacts 

GAPHYOR 3.0 is on line : interrogation on 2 reactarlls 
Last news from the Data Center 
GAPHYOR Handbook GAPHYOII. Lpdate 
Thanks to our sponsors Clr;A m F  Air Liouidr 

To be informed of changes on this server, Icave & your name and e-mail address. 
For more information or any suggestion, plcasc cur1L;lct : Dcr~is I-lurr~t~c:rt 

LPGP University Lab. Units. /'uri.s-Sud associa~e to C;2'RS and Supelec 

5.2 Query Form 

The text version o i  GAPHYOR Query Form is shoirn below, with links underlined and Search 
Criteria printed in bold lace. 

- - - - -- . . - - - - - - - - - - - - -- 

Overview Database I-landbook and Updatc b s  - I-Icl p Home Contacts 
to Old Version 

Search & 

Reactant 1 Formula Ioniz. Excit.1 Excit.2 Excit.3 Type S t a t e  
Reactant 2 Formula Ioniz. Excit.1 Esci t .2  Excit.3 Type S t a t e  

Section Process Process  

Xdditionnal lr~rornratior~ 

Data t y p e  N a t u r e  E t l t rg~ .  Spccinl d a t a  

Numerical  D a t a  New D a t a  

Number of chemical elen~cr~ts ir~\~~l\.c:d i l l  ~ 1 1 ~  rc::lcii,,:. : 11 = 1 tu 4 

Selection of 1 to 4 chen~ical cl(:nlc!nts A3 Bb Cc  Dd 



Note that there are two kinds of descriptors : 

Some must be typed by the user : 

"Formula" Examples : Arl, H201 (possibly in lower case) 
"Ioniz." Examples : 0, +, 13+, - 
" Process" Examples : en, ex, in (cf. full list and codes in Annex 2 or process link) 
"Elements Aa, Bb, Cc, Dd" Examples H, He, Ar 

For all other descriptors the user has just to choose in a pull-down menu V, multi-choice 
box 0 or cheeked box 0, with the following values (explained in an on-line - help) : 

"Excit.1" V 
"Excit.2" V 
" Excit .3" V 
" Type" V 
"State1' V 
"Section" V 
"Data Type" 
"Nature" 

0 

"Energy" 
0 

"Special Data" 
0 

"Numerical Data" 
0 
0 

"Mew Data" 0 
"Number of chemical elementc V 

0, *, V, *v, all 
-, r, PI n,  PI rn, rpn, Pn 
-1 Y, m, 
-, surface, ads.atom, clust.(motif), clust.(core), iso. series 
initial, final 
structures, hv coll., e coll., at/mol coll., macro.prop. 
-, S, W, K, U, P, < 
-, R, E, T, D, X 
- 1  L, J ,  H 
- 1  1, / I  8 

Note that all these descriptors are optional. 

5.3 Example of Data Search 

5.3.1 In termedia te  Repor t  

Having reqested for instance new numerical Data about el H (H, H+, H-) collisions, one gets the 
following intermediate form as a first report of the search : 

You submitted the following request to GAPHYOR : 
Reactant 1 (initial state) : HI all/ 
Reaction : section=3, numerical values, new data 

Reactant 1 
0 10 data found for H 
0 2 data found lor H - 
Sub-total of 12 data 

help Now, you can - get data 
0 from the whole set or the above data 
0 only froni the selected reactant 
0 on screen, sorted by year, the whole set of reactants. 
0 on screen, sorted by year, the n n  (pill-down menu)  more recent data. 



5.3.2 Data ou tpu t  

Zhou S (US MI DW), Li H , Kauooila W E , Kwan C K , Stein T S 
Phys. Rev. A, US vo1.55 p.361 (1997) 

H, e + --. H +, Ps 
Ionization (Electronic collisions) 
Total cross sections (absolute values) 
Thermal energies (E c 10 eV CM system) 
Medium energies (10 eV c E < 10 keV CM system) 
ESrperimental data 
energies: 6 - 16 - 100 eV 
values: 0.2 - 3 - 0.1 E-16 cm2 

H, e 
Total cross sections (Electronic collisions) 
Total cross sections (absolute values) 
Thermal energies (E < 10 eV CM system) 
Medium energies (10 eV < E < 10 keV CM system) 
Experimental data 
energies: 1.7 - 300.7 eV 
values: 16.83(.17) - 0.89(.06) E l 6  cm2 

H, e + 
Total cross sections (Electronic collisions) 
Total cross sections (absolute values) 
Thermal energies (E < 10 eV CM ssysterri) 
Medium energies (10 eV < E < 10 keV C I I  system) 
Experimental data 
energies: 1.5 - 16 - 301 eV 
values: 0.36(.27) - 5.01(.21) - 1.01(.32) E-16 cm2 

Kuang Y R (CD NF SJ), Gien  T T 
Phys. Rev. A, US vo1.55 p.256 (1997) 

H, e + =+ H +, Ps 
Ionization (Electronic collisions) 
Total cross sections (absolute values) 
Thermal energies (E < 10 eV CM systcrr~) 
Theoretical data 
energies: 7 - 10 eV 
values: 0 - 2.5 ~ ( a o ) ~  

H , e + -  H , e +  
Elastic collision (Electronic collisions) 
Total cross sections (absolute values) 
Thermal energies (E < 10 eV CM system) 
Theoretical data 
energies: 0.1 - 5 - 10 eV 
values: 8.5 - I - 1.1 .rr(a0)* 



5.4 Some statistics on Users 

5.4.1 Global results 

The total number of distinct visitors during the last fifteen monthes has been 4 807. Among 
them we have counted 834 effective users. By effective user we mean a visitor who has effectively 
extracted Data from the Database. Those numbers have regularly increased, as can be seen in 
Table 4 below. The slight decrease during the last trimester is due to connexion problems to our 
computer. Those seem to be related with the installation of a new, more performant (?) network 
on the Universith Paris-Sud ! We are presently trying to improve this paradoxical situation. 

Table 4: trimesters 

96-il 
96-111 
96-IV 
97-1 
97-11 
2 

5.4.2 Geographical Repart i t ion 

Table 5 below shows the 20 most important nations, organizations and services using GAPHYOR. 

Users Sessions Data sets 
158 208 2027 
188 318 2128 
2-22 436 2708 
285 614 3290 
256 331 2739 
1109 1907 12892 

na  data sets 
fr 6137 

? ? ? 2233 
de 1167 
US 799 
jp 738 
ru 548 

corn 485 
uk 34 8 
se 176 
su 131 
au 124 
net 121 
ch 119 
nl 116 
by 111 
mx 99 
a t  9 7 
cz 76 
Pt 60 

other na 361 

org.na data sets 
u-psud. fr 1133 

uni-heidelberg . de 825 
univ-lillel .fr 570 
cnrs-imn.fr 555 

cea. fr 496 
onera.fr 337 

tvt.lr 280 
toshiba.jp 271 
jussieu. fr 251 

airliquide.con~ 24 2 
u-nancy.fr 229 

uj f-grenoblc. fr 197 
univ-m1v.l~ 181 

u- tordeaux.fr 179 
ups-tlse.fr 171 
sandia.us 165 

univ-rennes l .lr 164 
ias.ir 155 
slu.se 134 

- 
363 other ore. 74 32 

serv.org.na data sets 
iwr.uni-heidelberg.de 853 

1srnsil.univ-lillel .fr 570 
naimn3.cnrsimn.fr 555 

onera.onera.fr 337 
1pcr.u-psud. fr 298 
1pgp.u-psud.fr 291 
modem3.tvt.fr 280 

fr.airliqujde.com 24 2 
sac1 ay.cea. fr 237 

Ipct .u-bordeaux.fr 223 
ps.uci .us 196 

rnines.u-nancy.fr 178 
bruyeres.cea.fr 177 
1cam.u-psud.fr 164 

alpha.univ-mlv.fr 147 
ca.sandia.us 14 6 
120.96.172 138 

ext.jussieu.fr 136 
stud.slu.se 134 

zzzzzz.mephi.ru 133 
20 serv. 5435 

678 other serv. 8665 

Table 5 :  Nations, Organizations, Services using GAPHYOR 

8 



6 Payments policy 

The text version o i  our "Fees" page is shown below. 

Overview Database Handbook and Update &s Help Home Contacts - 

* Why we can't afford to stay totally free 
*b 
* How to  pay 
* Sponsors 
Access to database is presently totally free. Our purpose is to Ieave this access free, offer- 

ing thus to  R&D people a tool which should be as convenient a s  possible. But GAPHYOR 
gets only small support from government agencies. This is a world-wide problem : databases on 
atomic and molecular physics are not supported by any large national or international program 
(cf. Harvard Meeting 1996). Data Centers should then be supported by their users. 

If you find that GAPHYOR is useful, please support it through one of the following channels : 

Annual  voluntary subscription 
* Research organization, compariy : 2 000 FF. (TTC) 
* Research laboratory : 1 000 FF. (TTC) 
* Personal : 200 FF. (TTC) 

Pa r tne r sh ip  contract  (Sponsors) 
* Annual subscription : 25 000 FF. (TTC) 
* Additional services will be olTered (expert reports, several samples of our publications, ad- 

vertising, . ..) 

Publicat ions purchase 
* Handbook 97, Volun~e I : 500 FF. (TTC) 
* Handbook 97, Volunie 2 : 500 FI?. (TTC) 
* Update 96 (published in January 1997) : 850 FF. (TTC) 
* Update 97 (to be published in 1998) : 850 FF. (TTC) 
* Update 95 : 300 FF. (TTC) 

Expe r t  r epo r t  
For special requests, you can get an expert report : we make the query for you in the database. 
Please send us your requests by e-mail in free text to gaphyorQ1pgp.u-psud.fr. 
Cost : 200 + 2n FI'. (TTC) where "n': is the number of data obtained. 
But first, try our web access. 

How t o  pay 
* By cheque to the order or G AI'I-IYOII 
* By bank transfer to  GAPI-IYOR : 
o bank : 18707-001 9 
o account : 01919161172 
To get an invoice, please place your order : 
* by e-mail : gaphyorQ1pgp.u-psud.fr. 
* by fax : (33) 01 69 15 78 44 
* by mail : Centre de Donnes GAPIIYOR: Lniversit Paris-Sud, LPGP, Bt. 
210, 91403 Orsay Cedex, 1:rance. 

O u r  sponsors  Air Liauide 



7 Future Developments 

7.1 Request Prograin 
Up to now we gave priority in our request prograrn to descriptors related to the physico-chemical 
process, and there is no possibility to search for bibliograpical items like year, author, journal, ... 
We consider now to introduce these other fields into our request program. This may produce a too 
complicated query form and we shall make provisions to avoid it (possibly by having two different 
query forms : one for ordinary users, the other for "expert" users). 

7.2 On-line Service 

To improve our on-line service we shall first try to get control of the connexion problems related 
with the network of UniversitC Paris-Sud. But very soon we shall also change our work-station to 
a new more performant one. At present time our computer facility includes : 

a Spark 10 station, with 64 Mo of RAM and 2.2 Go hard disk. This contains the Database, 
but it is also used for programs development and Data processing, 

a Macintosh Quadra 650 for administrative management, as well as preprocessing of Data 
before integration into the Database 

connexion facilities to the University network with an out-speed of 100 Mbits/s. 

We find now a significant over-load of our station, which accomodate with difficulty 3 to 4 si- 
multaneous connexions. This is evidenced by the increasing number of aborted requests (though 
Internet is also partly responsible of it). \2'ith the increasing number of requests we could have a 
saturation of our station. Also, with the increasing number of entries, our storing capacity become 
critical, especially for complex operations like large Data sortings. 

In conclusion we have decided to install as soon a s  possible a new work-station. This will be 
devoted only to the on-line service. The old station will be used for development and as a mirror 
station. 

7.3 Literature Coverage 

Our coverage of the literature is not quite salisfactory, as can be seen in Table 6 below. In this 
table we give for the main journals both the present stock of GAPHYOR entries and a so-called 
actualisation ratio A. This last ones is the ratio of the new 95-97 entries to the present stock, 
multiplied by a factor such that A should be unity when the flow of new entries is "normal". One 
notes that we are in trouble with some journals. Two new experts joined recently our group to 
solve these problems (see also paragraph 7.5 below). 

7.4 Numerical Data 

Recall that our philosophy for Xumerical Data is at present essentially to deliver simple informa- 
tions and orders of magnitude. In the future it can evolve in the following ways : 

we could inroduce in the Da~abasc: a rlcw graphic field able to accomodate curves and tables. 

we could cooperate with somc Journals LO take advantage of their elecyronic version. 

we could ( a ~  last) try to use Aladdir~ in connexion with the two above items. 

7.5 International Cooperatioil 

We strongly appreciate the cooperatior~s established in our Data Centres Network. But as was 
said a t  the last meeting we should do better. \I% wish to discuss this item a t  the present meeting. 



Table 6: Actualisation rates of the first 20 journals 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Code Title 
JCP  J .  Chem. Phys. 
J PC J .  Phys. Chem. 

PR/A Phys. Rev. A 
JRD J.Phys.Ch.Ref.Data 

JMSC+JMSR J. Molec. Stuctures 
CH PL Chem. Phys. Lett. 
ADND Acorn. data and nuclear data tables 
JP/B J.  Phys. B 
IJMS Int. J .  Mass spec. ion. phys. 
JACS J. of the Am.Chem.Soc. 

EACC+EACI Conf. Phys.elec.atom.Coll. 
JMSP J . Molec. Spectroscopy 
ZP/D Z. Phys. D 

NIFD+IPPJ Nagoya Reports 
CHPll Chem. Phys. 
ZFI(I1 Zh. Fiz ]<him. 
MOL Molecular Phys. 
N RSS SBS Special Pub. 

OASK+O.4S Opt. i Spektr. 
IJQC 1nt.J.Quantum Chem. 

Entries A 
84882 0.7 
38806 1.2 
31774 2.4 
28821 0.3 
21069 1.0 
20709 1.1 
18198 1.5 
17847 0 
10798 0.6 
10185 0 
9871 0 
8733 1.2 
8346 0 
7181 1.7 
6919 0.1 
6122 0.6 
6015 1.3 
5476 0 
5264 1.0 
4746 2.0 



8 Annex 1 : Value indexes 
O n e  has seen in Section 4.1 tha t  the  Handbook is a selection taken frorn the  whole GAPHYOR Database, and  tha t  
t h e  selection cri tena depend on q u a l ~ ~ y  and  ac~uol i ty  or dara.  More precisely t h e  selection is made as follows : 

Assigning a value index to every C A  PtlYOIi  rccord 

Production of a catalog of " rrlultiplers" and  se lec~ior~  

Selection of t h e  best en t ry  in every " n ~ u l ~ i p l c t "  

Elimination of entries below a minimum value index 

Separation in two volumes 

The basic quantity in this program is then the  value index assigned t o  every entry. Let us now define t h e  rules 

chooeen for i t  : t h e  value index is t h e  sum of six partial indexes as shown in Tables 7 which take  account of t h e  

quality of bibliographical (Vjo, Van, Vau), factual (Vse, Vin), a n d  numerical (Vnu) data.  

Table 7: Value indcxes for the thrcc categories of Data in an entry 

Bibliographical 
An Van 
97 45 
96 42 
... ... 
87 15 
86 12 
85 9 
84 6 
83 3 

Max 45 

Numerical 
Data Vnu 

Energies 25 
Values 50 

Remarks 25 

- 
100 

' 
Journal Vjo 

JCP 92 
JPC 91 

PR/A 90 
CHPL 89 
JP/B 88 
JACS 87 
J R D  86 
... ... 

92 

Factual 
Authors Vau 
10aut. 45 
9 aut. 40 

... . . . 
5 aut. 25 
4aut. 20 
3 aut. 15 
2 aut. 10 
1 aut. 5 

45 

Sect. Vse 
2 50 
3 50 
4 50 
5 20 
1 0 

50 

Info Vin 
r 10 
e 10 

s k < 5 
p u l  5 

w 2 

25 



9 Annex 2 : Processes list 

Section 1. S t ruc tures  Section 4. Atomic and molecular collisions 

Energy levels , wave functions 
Unstable energy levels 
Energy of isomerization 
Potentiel curves, structure of molecule. 
Dipolar moments 
Multipolar moments 
Electric (or rnagwic) polarizability 
Dynamical polarizability (frequency fun 
Radiative transition (probability,. . 
Change of excitation (non-radiative) 
Autoionization 
Autodetach ment 
A utodissociation 
Autodesorption 

Section 2. Photonic collisions 

ct.) 
. )  

Effective absorption, total  diffusion 
True absorption 
Angular diffusion (scattering) 
Elastic diffusion (Thomson, Rayleigh) 
Depolarization, Change of polari?.tion 
Non-linear effects 
Photoexcitation 
Emission of line 
Photodeexcitation (stimulated emission) 
Changeof excitation 
Ree-free absorption(inv. bremsstrahlung) 
Photoionization 
Creation of an iorr pair (positive-negative) 
Photodetach men1 
Photodissociation 
Photodesorpt ion 
Photoemission of electrons (rons) by solids 

Section 3. Collisions of electrons 

SN Total cross sections 
SM Transport cross sections (momentum, ... ) 
SC Angular difiusion (scattering) 
PR Unknown products 
EL Elastic wlljsior~ 
DO Depolarization, Change of polarization 
EX Excitation 
ER Emission of line 
DX Deexcitation 
XX Change of excitation 
BS Brernsstrahlurrg 
IN  Ionization 
IM Creation of an iorr pair (posit~ve-negative) 
DT Detachment 
AT Attachment 
RC Recombination (unknown mechanism) 
RR Radiative recombinatior~ 
RD Dielectronic recombinatron 
RE e-e-i recombination 
RO e-i-o recombination 
RS Dissociative recomb~nntron 
DS Dissociatron 
DG Desorptiorr 
EE Emission of electrons bj n solid 
PU Emission of neutrals o r  ions by solicks (sputl 

EN Energy o r  entholpy of reaction 
KE Constant of chemical equilibrium 
SS Total cross sections 
S!vl Transport cross sections (momentum, ... ) 
SC Angular diffusion (scattering) 
SP Stopping power 
PR Unknown products 
EL Elastic collision 
DO Depolarization, change of polarization 
EX Excitation 
ER Emission of line 
DX Deexcitation (quenching) 
XX Change of excitation 
TE Excitation transfer 
IK Ionization 
IM Creation of an ion pair (positive-negative) 
DT Deuchment 
TI Ionizing charge transfer 
RI Recombination ion-ion 
CX Charge transfer 
XD Dissociative charge transfer 
CA Capture of electrons 
SR Loss of electrons (stripping) 
DS Dissociation 
1R Interchange reaction (of one or several atoms) 
IA Assocjative interchange mction 
1D Dissociative interchange reaction 
AS Association 
DG Dcsorption 
AD Adsorption 
EE Emission of electrons by a solid 
PU Emission of neutrals or ions by solids (sputtering) 

Section 5. Macroscopic propert ies  

ST Statistics of levels 
Pr Thermodynamic functions 
VA Amplitude of vibration 
Z'r Function of partition 
CO Correlations 
P V  Compressjbility, equation of state 
PE Dielectric and magnetic constants 
DS Diffusion 
V1 Viscosity 
CT Thermal conductivity 
?'I> Tt~errnal diffusion 
D'vl Diffusion of metastable 
IiS Relaxation in gas neutral or ionized gases 
I.\Y Line broadening and shift (collisional effects) 
L A  Cas laser 
P1 Firs t  cocficient of Townsend 
DT Detachment 
AT Attachment 
RC Recombination (unknown mechanism) 
FE Distribution function of electrons 
ME Mobility of electrons 
CE Electrical conductivity 
DE Diffusion of electrons 
.M D Ct~aracteristic temperature of electrons ( D I P )  
PC Power delivered by electron-neutral collisions 
I:'I Distribution function of ions 
A.11 .Vobil~ty of ions 
01 l)iffus~orl of ions 
I>;l Ambrpolar drffusion 

c r i l  IIC Autodcsorption 
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Dp PUFFING REDUCES DIVERTOR HEAT 
I FLUX BUT INCREASES CORE DENSITY 
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Change 



NEON PUFFING REDUCES DIVERTOR HEAT 
FLUX BUT INCREASES CORE ZM - 3 

- 
B s w n  

Power 
8MW 

Heat Flux 
Reduction 

@ Small Effect 
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d pn,RIes of fully b k s e d  ncorc from CSRS for standud CDH 
utd without sawtooth activity. Both discharges have the same 
the bulk plasma, where the neon-density is rather simifiar, but 

ma dflutio~,  is strongly improved with sawteeth. 



calculated total erosion yleM a 
measured net emdon yield 

mururd net W pcodudkn h dvector a 125 
Wp(asma content I rp 

- 

total W pmductkn in dhmrtor a 500 
Wg(asma content 1 

Typical migration pattern of tungsten in the 
ASDEX Upgrade vessel for low density Ohmic 
dischatges with Xfl = 5x 7 0 



POWER BALANCE 
Power to divertors and radiated power 

attached partcally attach.. * sh.llow detach** &tuh Y 
hi* P ~ ~ P W J  * k w  9ucn9lna Y 

More t h ~  50% of power can be radiated by partial detachment 
 adl la ti on source: Ne or He ions-or neutrals 

Hdtum radiates ti MW (UEDGE) to -20 MW (82) 
Hydrogen rad~atlon stgntftcant i n  detached plasmas 











Troitsk Atomic Data Group 

Troitsk Institute for Innovation and Fusion Research 

Troitsk, Moscow region, 142092, Russia 

Activities during September 1995 - June 1997 

Staff 

Alexander L. Godunov head of the Group 
godunov@fly. tnniti. troitsk. N 

Pave1 B. lvanov system programmer, database supervisor 
jones@ fly. tnniti. troitsk. N 

Vladimir A. Schipakov staff member 

Yuri K. Zemtsov associated member 

Nadezhda I. Gapotchenko technical assistant 

Main activities 

1. Theory of electronic an atomic collisions 
Direct and resonance ionization of atomic systems by charged particle impact, 
including the effects of strong electron correlations. 

e Two-electron transitions in collision of atoms with charged particles. Two- 
electron excitation and ionization via multiply excited states. 

* Dependence of collisional cross sections on the projectile: charge sign 
effects, mass effects, structured projectiles. 

2. Atomic data management 
e Development of methods and software for processing diverse atomic data 
e Producing compact specialized banks of atomic data (excitation and ionization 

of atoms and ions by electron impact, autoionization, two-electron transitions 
in ion-atom collisions) 

e Data evaluation and approximation to obtain recommended values (electron- 
impact ionization of neon and its ions) 
Supplying reliable atomic data for physical models of laboratory and space 
plasmas 

3. Systematic calculations of collisional and spectroscopic characteristics 



Hierarchical database management system 

HiBase System 

A hierarchical database management system (HiBase) has been constructed to 
satisfy our need for a versatile and easy-to-work tool which would match the specific 
requirements of atomic data storage and retrieval. 

The advantages of hiersmhical databases 

1 .  The data structure conforms with the natural organization of the problem area 

2. The database does not contain any irrelevant information and empty data fields 

3. Search operations do not deal with irrelevant data fields 

4. Data of different types may be mixed (text, graphics, binary data, code etc.) 

5. Data formats may be independently modified in any branch of the hierarchy 

Some features of HiBase 

1 .  The system complies with the requirements of the IAEA. 

2. A user-friendly interface requires no preliminary training to get started. 

3. The small program size and compact data storage makes the system convenient 
to install on personal computers. 

4. Most data are checked for formal correctness at input. 

5. A wide range of search operations is implemented. 

6. Many built-in data types, including those specially designed for the application in 
atomic physics 

7. Modular structure permits easily incorporating of new data types and new output 
formats. 

HiBase version 1.99 can be freely requested from Troitsk Atomic Data group. 



Project Neon 

General Description 

Compilation, evaluation and generation of comprehensive data on all the processes 
of Ne and its ions is one of the priorities recommended by the IAEA Advisory Group 
Meeting in July 1995. 

TADG participation 

Cross sections and rates of excitation and single or multiple ionization of Ne and its 
ions by electron impact: 

Compilation. 
Evaluation. 

a Analytic fits. 
a Recommendations. 

Activities during September 1995 - June 1997 

Compiling experimental and theoretical data on the cross sections of Neq+ 
ionization by electron impact available in the literature. 

Reassessing earlier data and recommended analytic fits for electron impact 
ionization cross sections. 

A new analytic formula has been suggested, with less parameters required for 
the same accuracy. 

Earlier approximations 

The BELl form as a part of the ALADDIN standard: 

E - incident electron energy 
I - ionization potential 
A, Bk -fitting coefficients 

M. A. Lennon, K. L. Bell, H. B. Gilbody, J. G. Hughes, 
A. E. Kingston, M. J. Murray, and F. J. Smith 
J. Phys. Chem. Ref. Data 17,1285 (1 988) 



Main experiments on single ionization of Ne by electron impact 
r---------r------------------------------------------------- 
I 830 

1 
I W. Bleakney I 

I I I 
I I Phys. Rev. A, 36, 1303 (1930) I 
I I 
k---------k------------------------------------------------- 4 
I ABSK66 I B. Adamczyk, A. J. H. Boerboom, B. L. Schram, and J. Kistemaker I 
I I I 
I J. Chem. Phys., 44,4640 (1 966) I 
I I +--------+------------------------------------------------- 
I SBK66 I B. 1. Schm,  A J. H. Boerboom, and J. Kistemaker 

4 
I 

I I I 
I 
I Physica, 32, 1 85 (1 966) 
k--------+------------------------------------------------- 
I GH67 I A. Gaudin and R. Hageman 

4 
I 

I I I 
I 
I I J. Chim. Phys., 64, 1209 (1 967) 
k--------+------------------------------------------------- 
I VSV69 I M. J. Van Der Wiel, Th. M. El-Sherbini, and L. Vriens 4 

I 
I I I 
I Physica, 42,411 (1969) I 
I I I 
k--------+------------------------------------------------- 
I SA75 I S. G. Shchemelinin and E. P. Andreyev 

i 
I 

I I I 
I I Zh. Exp. Teor. Fiz., 45, 1490 (1 975) I 
I I 
k--------+------------------------------------------------- 
I SHM80 I K. Stephan, H. Helm, and T. D. Mark i 

I 
I I I 
I I J. Chem. Phys., 73,3763 (1 980) I 
I I 
k--------+------------------------------------------------- 
I NSH80 I P. Nagy, A. Skutlartz, and K. Helenelund -1 

I 
I I I 
1 
I I J. Phys. B,13, 1249 (1 980) 
k--------+------------------------------------------------- 
I WBHF87 I R. C. Wetzel, F. A. Baiocchi, T. R, Hayes, and R. S. Freund i 

I 
I I I 
I Phys. Rev. A, 35,559 (1987) I 
I I FKSg8---- ................................................. 

?E. Krishnakurnar and S. K. Srivastava i 
I 

I I I 
I I J. Phys. B, 21, 1055 (1 988) I 
I I 
k---------k------------------------------------------------- 
I AFG95 I D. P. Almeida, A. C. Fontes, and C. F. L. Godinho i 

I 
I I I 
I I J. Phys. 6, 28, 3335 (1995) I 
I I 



100 1000 
Energy (eV) 

Ne ionization cross sections as recommended by the Belfast group 

Fitting coefficients (1 0-l6 ev2 cm2): A = 2192, B1 = 4 4 7 ,  B2 = -7006, B3 = 5927 

The curve MG71 represents theoretical calculations: 

E. J. McGuire Phys. Rev. A, 3,267 (1971) 
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Belfast 82 
-..--- Refitted BELl 
- New BELI-3 

New BELI-5 - 

1 00 1000 

Energy (eV) 

BELl fitting curves for single ionization of Ne by electron impact 

Fitting coefficients (1 0'16 ev2 cm2): 

Belfast 82: A = 2192, BI = 4 4 7 ,  B2 = -7006, B3 = 5927 
Refitted BELI: A = 2768, B1 = -2197, B2 = -3124, B3 = 1839 
New BELI-3: A = 2854, B1 = -2772, B2 = -1544, B3 = 422 
New BELI-5: A = 1732, BI =-1721, B2 = -104.5, B3 = 1441, B4 = -8429, B5 = 9106 



Exponential fitting formula for ionization cross sections 

New analytical expression for the cross sections of single ionization by electron 
impact: 

Asymptotic behavior: 

Possible advantages 

1. The formula is as simple as BELI. 

2. Less parameters required for the same accuracy of approximation. 

3. Simpler behavior of the fitting curves. 

Possible disadvantages 

1. Different asymptotic behavior at infinity. 

2. Less transparent interpretation of the formula (generalized vapor pressure 
model). 

3. The formula cannot be analytically integrated with to produce the corresponding 
fitting for reaction rates. 



-- 

I exponential fit 
, 

20 30 40 50 60 70 80 

Energy eV 

Threshold behavior of analytic fits 

Coefficients of the exponential fit: A = 69.15.10-'~ ev2cm2, bl = 3.342, b2 = 4.009245 



100 1000 10000 

Energy (eV) 

Recommended fits for single ionization of Ne by electron impact 



1 00 1000 
Energy (eV) 

Single ionization of Ne II by electron 
impact 

Legend 
3 Dolder, Harrison & Thonemann 1963, experiment . . . . . . . . Moores 1972, Coulomb-Born 

Blaha & Davis 1980, distorted wave 
Mueller et al. 1980, experiment 

+ Diserens, Hamson & Smith 1984, experiment 
X Man, Smith & Hanison 1987, experiment 
7 

Donets & Ovsyannikov 1981, experiment 
d 

BELI-3 - Exponential fit 



10 
Energy (keV) 

Single ionization of Ne IX by electron 
impact 

Legend 
- . - . a  - Chandra & Narain 1975, semiempirical 

' Donets & Ovsyannikov 1981, experiment 
Duponchelle, Khouilid, Oualim. Zhang & Defrance 1997, experimer 

- - - - ,  BELI-3 - Exponential fit 

t 



Assessment of the BELl fits 

The published recommended coefficients contain apparent misprints; refitted 
data of Belfast (1982) still produce wrong inflection near the threshold. 

The BELl formulas may produce extraneous inflections due to the polynomial 
character of the approximation. 

The quality of approximation generally improves with more parameters, but the 
fitting curve may experience unphysical oscillations. 

The BELl expansion cannot be considered as a convergent series, but rather 
as an asymptotic expansion. 

Single ionization of Ne* by electron impact 

Summary 

The available experimental and theoretical data on single ionization of Ne by 
electron impact allow to recommend analytic fits presumable accurate within 
10%. 

BELl approximation with N = 3 is preferable for low energies, while the N = 5 
formula is better for energies above 1 keV. 

An alternative exponential approximation ensures good accuracy for all ener- 
gies, with less parameters. It could be recommended as an alternative stan- 
dard fit for ionization cross sections. 

Experimental data on neon ions are insufficient to insure the accuracy of 
recommended data within 10%. 

More experiments on ~ e " ,  Ne* and Ne" are desirable. 

There are too few theoretical calculations on Ne ions 

The accuracy of available calculations is not enough and more sophisticated 
physical models are required 

The recommended analytic fits provide statistical uncertainties within 10°h, but 
the insufficiency of original data would not permit that reliable recommendations 

Exponential fitting formula leads to the curves rather close to those of the 
standard BELl format, while fewer parameters are required in the exponential 
fit. 



A+M Data Technology 

General scheme of data circulation: 

Client 

Data Supplier - Data Consumer 

Multilevel Database Scheme: 
r----------------T--------------------------------------- 
I Client: I Complexes of requirements representing specific tasks : ----------------*--------------------------------------- 

I Hierarchical data packages for specific complexes 
I 

r ~ a t a  Consumer I 
----------------+--'--------------------------------------- 

r ~ a t a  Supplier: 
I 

I Collections of unified software for mass calculations I 
L - - - - - - - - - - - - - - - - - L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A  

Promotion: 

Formation of a world-wide A+M Data Center Network 
e Regular international meetings on A+M data 

Mutually linked Internet sites 
c3 Software and data exchange 
Standardization and common data exchange protocols 

Data representation 
e Request forms 
e HTML interface 
Centralized client-side interface 
e A+M data central on the WWW 
e Professionals to seek for and compile all the data needed for a particular 

task 
e Newsgroups and virtual journals 



Current state and perspectives 

Achievements 

0 Vast experience in A+M data production, compilation, and evaluation 
0 Tendency to the development of unified requirements to A+M databases and 

common priorities 

Pmblems 

0 Low level of integrity and compatibility 
0 Insufficient rate of software and data exchange 
0 Difficulties in culling up all the necessary data for a specific physical problem 

Pmmising dimtions 

0 Rapid development of online databases on the Internet 
0 The individual WWW pages becoming an integral network 
0 Unification of formats due to the influence of hypertext-based communication 

technologies 

Urgent necessities 

0 Joining all the A+M data related WWW sites into a special network with a central 
homepage where all the links should be maintained 

0 Data and software networks merged together 
0 Specialists in A+M data management able to find the necessary data on the 

Internet, or the provide reliable estimates where the data are absent 
0 Mailing list or newsgroup for rapid communications 



Cross sections for excitation of autoionizing states 

Scattering experiments do not distinguish the outcome of target excitation/relaxation 
from the results of direct scattering. Therefore, the probability of the populating an 
autoionizing state is not immediately related to the integral intensity of resonance 
line. 

General problem 

Can the characteristics of target excitation into an autoionizing state be extracted 
from experimental data in the presence of strong interference between direct and 
resonant ionization? 

Theoretical consideration 

The cross sections of target excitation into an autoionizing state are not directly 
measurable but can be extracted from the properly parametrized experimental data 
when the dynamic Stark effect due to the interaction with the scattered projectile is 
strong enough. 

Practical implementation 

Joint activity of Troitsk Atomic Data Group and Laboratoirb Collisions, Agrbgats, 
Reactivitb, Universitb Paul Sabatier, Toulouse, France. 

Experimental data on the cross section of two-electron excitation of the autoionizing 
(2s2)'s, ( 2 ~ 2 ~ ) ' ~  and (2p2) '~  states of helium in collisions with 100 keV protons 
have been obtained for the first time despite the fact that these states are embedded 
into ionization continuum. 

Table 1. Experimental and theoretical cross sections (in units cm2) and sublevel 
population for double excitation of the autoionizing (2s2)'s, ( 2 ~ 2 ~ ) ' ~  and (2p2 ) ' ~  
states of helium excited by 100 keV proton impact. 

(2s')'~ exp. 
theory. 

(2s2p)'~ exp. 
theory. 

( 2 ~ 3 ' ~  exP. 
theory. 

sublevel population 
M=O M=*l M=i2 
1 .OO 
1 .OO 
0.51 0.49 
0.55 0.45 
0.32 0.57 0.1 1 
0.51 0.41 0.08 

Oexc 

3.40 
5.97 
8.80 
11.8 
9.00 
3.51 



D a t a  Collection at IPP-Garching( l997)  

W.Eckstein 

Max-Planck-Institut fiir Plasmaphysik, Garching, FRG 

EURATOM- Association 

Spu t t e r ing  and Reflection 

Plasma edge codes for fusion plasmas ask for a complete set of sputtering yields 

dependent on incident energy and angle and different bombarding species. Especially for 

new divertor designs not only the sputtering by hydrogen isotopes and selfsputtering but 

also by noble gas species is of importance. 

Computer simulation with the binary collision program TRIM.SP (version TRVMC- 

MOM) is applied to create sputtering yield and sputtering efficiency (sputtered energy) 

data as well as particle and energy reflection coefficients for the elements Be, C, and W 

considered for ITER. The data are given in the form of matrices (fixed energies in lines, 

fixed angles of incidence in columns) for easy interpolation of data retrieval for plasma 

edge codes. The data are calculated for 9 angles of incidence: 0, 15, 30, 45, 55, 65, 75, 

80, 85 degrees. The lowest incident energy is chosen so that the lowest yields given are 

about values lower than 5 are put to zero. The highest energy is usually 1 

keV, but for He bombardment values for up to the 10 keV range are given. Matrices for 

H, D, T ,  N, Ne, Ar and selfbombardment have been produced. The matrices are stored 

a t  /afs/ipp/u/wge/trim.data/sputter.data and refl.data and can be retrieved from there if 

access to afs is possible. 

As examples, plots of matrices for the sputtering yields of Be, C, W by D and plots 

of the matrices for W selfsputtering yields and particle reflection coefficients are given. 

For the calculations the krypton-carbon interaction potential (11 and an equipartition 

of the Lindhard-Scharff [2] and the Oen-Robinson [3] inelastic energy loss models are a p  

plied. The data apply for a nearly flat surface. A new method for rough surfaces based on 

the use of a distribution of local angles of incidence determined from STM measurements 



has been developed. 

Further tables for the mean depth of implanted atoms can be produced. 
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Figure Captions. 

Fig. 1. Sputtering yield of D on Be, C, W 

Fig. 2. Sputtering yield of W on W 

Fig. 3. Particle reflection coefficient of W on W 

Fig. 4. Sum of sputter yield and particle reflection coefficient for W on W 







Current Stam 

Hardware Implementation 
1. External Open Network 

AMOWi : AptmstaM 600 modslS333 ----- Database 
USU W Y  : 24 GB (raid level 6)  ------ Archive 
lYkdem S+rvrrr : Dedicated 3 Phone Lines 

2. Internal Network (Flrewall'd) 
SPIS : Alphastation 3000 model 400 -- nrgcrt 
P f 8 m  : TeMrmics PHASER550 

Software Implementation 
1. WWW server : 

apache 1.2 beta 7 
CGI program : C I Sh I PERL 

2. AM0 Database : 
Bibliographic database : Tmr#on  w, w* 
Flat data : TP, EL, TL 







The AMODS ~n KAEKl 

Kaww Aknic Energy R e s m h  Ins- 

Uyou h . v e u y ~ o r ~ p h n c a r r r C  ycrlra~aryeto&cvmrlll lVjsA~~~ rc Lr 

Laboratary tor Qrrrlrr 0- 

? . O h  I06 Y- Tyloo, 30-, Korea 
TEL: e-aws 
FAX: 4-a 



A- Transition Probabilities 

'I'o get tk bbbgrrpk ic  database of atomic t W t i o o  probrMlUIco dkk h 
- - - - -- - - - 
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A- Transition Lines 
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k k e m m  '.lh ~~ kr the A M 0  database 

To -e a h at w a compilationr, rrvicws, and M- .. -by 
he-. 
- - .  - . - - -- -- - -- -- - - - - - --- - - - 

Choose ILe caqomx tiom the following list by sekct~y om oae or more box(es): 

r Eaergy bevel a d  wavelength data 

r T r m  proMt l i ty  and oscillator strength data 

r Line sLge ul shin data 

. ---- - 
Seba Subit Query I to list the references. 

To .rLr ywr rrd by lpeeirying one or more elemmb: 
. - - - - - - -- - - - - - 

Cbmae one a ron elr--vrrc tiwn e i d w  of the following lists (use the Crrl key to make multiple 
s d s c t i o n s a m ~ r d c l l r a t o r J d n :  

ORDER BY ATOMIC NUUBER 
1 Hydrogen H 
2 Helium He 
3 Lithium Li 
4 Beryllium Be 
5 Boron B 
6 Carbon C 
7 Nitrogen N 
8 Oxygen 0 
9 Fluorine F 

ORDER BY ELEMENT NAHE 
89 Actinium Ac 

Submit Query I Clear Entries I 
[3 

13 Aluminum A 1  
95 Americium Am 
51 Antimony Sb 
18 Argon Ar 
33 Arsenic As 
85 Astatine At 
56 Barium Ba 
97 Berkelium Bk El 
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n s w  
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t ;~r \ (  RdJl~lt~on Constant 

C ondoc~ncc. 
Hall Re51scancc. Ouancl~cJ 













Atomic Data Activities at the 
Plasma Laboratom o f  the 

Weizmann Institute o f  science 

IAEA, Vienna, 1997 



Principal project: studies of highly transient 
(non-~axwellian) plasmas by 

means of spectroscopic 

diagnostics 

> no special program/contract related to atomic data < 

Development of collisional-radiative time-dependent 

plasma kinetics code for non-Maxwellian plasmas 
NObI A11 

Large-scale production of atomic data for plasma 

diagnostics needs (collisional cross sections, 
photoionization cross sections, oscillator strengths, etc.; 
most not published) 

Intercombination transitions in Be-like ions (Phys. Rev. A, 

v. 52, 2449, 1995) 

Semi-empirical formula for multiple ionization cross 

sections (J. Phys. B, v .  28, 3027, 1995) -- independent of 
Shevelko & Tawara 

Modified Gaunt factors for the Van Regemorter formula 

for atoms (Phys. Rev. A, v.  53, 2425, 1996) 

Fitting formulae for electron impact excitation cross 

sections for ti-like (Phys.Rev. A, v. 55, 329, 1997) and 

Li-like (submitted to Phys.Rev. A) ions 





a , .  
J 



Activities on the Internet 

URL http:llplasma-gate.weizmann.ac.il/ 

Available lists: 

Atomic Physics on the Internet (2586): servers (-150) 

sorted by country, links to analogous lists, atomic publications 

Conferences (5%): links to related WWW pages 

Free software (779): >20 entries 

Jobs ( 108 1 ): -3-5 announcements 

Plasma on the Internet (2328): servers (-220) sorted by 

country, links to analogous lists, plasma related newsgroups, plasma 
publications 

Who's Who (89%): -600 entries; self-supported info (addresses, 

emails, keywords) 

Databases w): -30 atomic DBs 
and 6 plasma DBs 

number of hits in June 1997 are given in parentheses 



Database 

URL http://yin.ph.flinders.edu.au:8000/CCC- W 

Calculational method developed by 1 ~ 0 r  Bray and collaborators (The 

Fiinders University of South Australia, Adelaide, Australia) 

accurate excitation and ionization cross sections 

and/or asymmetries for quasi-one- and two-electron 

systems 

currently, data are available for H I, He I, He 11, and 

Be I; more data to come soon 

%lassica17 click-and-get WWW database 

on-line production of both tables and plots with 

various data units and scales 

was built from a distance of 13072 km (8124 miles) 

future plans: scattering amplitudes instead of cross sections to 

allow a user to generate the needed cross sections on-line 



CC Data Base: Data List 

I Lower state 

Conf Term 

2 s 2 p  

2 s 4 s  3~ 0 
2 s 4 p  'P 0 
2 s 4 p  3~ 0 
2 s 4 d  0 
2 s 4 d  'D 0 
2 s 4 f  'F 0 
2 s 4 f  3~ 0 

TOTAL 0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Data type : 

Make a p l o t :  

x l o g  scale: 

Y log s c a l e :  



CCC Data Base Output http //yln ph fl~nders edu ou 8000/tq1 blnl 

Be I: Excitation 

Cross section for transition 2;.2_i, '1:. - ->  2 ~ 4 s  'S 



WVtW Interface for the 
Hartree-yock - code XCN, 

URL http:l/plasma-gate.weizrnann.ac.il/-~ralchlrcn.html 

use first part of the RCN/RCNZ/RCG/RCE package 

produces wave functions and their plots 

elements: H - Ne 

ions: I - X 

Calculation time for Ne I ?p"3~:$r.(rl: 55 sec (with plots for all 
wavefunctions) on a 100-MHz Pentium 



w W W  Interface for the 
~oulornb-Born -evhange code ATOM 

URL http:llplasrnagun.weizrnann.ac.il/-fnralchIATOM1 

Code author: Leonid A. Vainshtein (Lch~dcv Pllpsical Instit.ut.c, 

Moscow, Russia) 

Current version calculates electron-impact 
excitation cross sections in LS-coupling ( f i l l  version 

o f  ATOM calculutes ionization, photoionization, dielectronic 

recombination, excitation and ionization by heavy particles, 

Maxwellian averaged rates, etc. for various types o f  coupling); 

includes an on-line help 

Input parameters: 

mandatory 

configuration and term 
of lower and upper states 
and term of the parent 
ion 

optional (for better accuracy) 

ionization energies of lower 
and upper states 

energy difference between 
lower and upper states 

transition type 
oscillator strength for 

dipole-allowed transition 

Calculation time on a 100-MHz Pentium (11 energy 
points): < 25 sec w/o plots; < 50 sec with plots 



. . 'rhe code ~ g - Q $ . f  m;as written and is mc?irltairi~a 2:.; 
i 

, Mc~scow, Russia). ' Th i s  version of t.i-it:; 
r m r  i+fivJ Gateway calcu1.ates only electron-impact 
excitation cross sections i n  t h e  
Coulon;b-Borri-exchange approximation. The full 
version of ATOM calculates a l s o  electron-impact 
ionization cross sections, photoionization 
cross sections, heavy particle impact c ross  
sections, autoionization probabilities, 
Maxwellian-averaged rates, etc. T h e  c?etail.s of 
calculations as well as more ATOM related 
inf orma t ion car, be f o u n d  in t h e  book ' A: ... ::rn:, ,.:. 
E:tnis its fa: j-',;:,r: i,.j.a::;;;.,a:; ' by Tf. Sheveako and 
~.k.~ainshtein ( I O P  Publishing, B r i s t o l  , 1 9 9 3 ,  
I S B N  0 7503 0 2 2 1  3 ) .  
Your would be highly appreciated! 

< 7 ' - c . ,  I 
\ -__I-_ 

Calculat ior! time depends on angular n~omenta of the optical electron. 
For the worst cases (including plot~tingi, it- rarely exceeds one minute 
for 11 energy points. By the way, t h i s  computer i s  a slow iOG-MHz 
PentiumB. . - 
You may want t o  open a of avalable states in a new window 
( f i r s t  two c o l u - m s  are the spectroscopic charge and n u c l e a r  c h a r g e  
r e s p e c t i v e i l l j  . T h i s  vrould facilitate the selection of states. H O V J Z - ~ ~ ~ C - ' ~ ,  
if t h e  paren: ion 2tat.e is not the qrour~d state, you should ;,I~:-E:. t!;~:: . . -  ..> .-, 1 , , ,  , . t i ,  e,. ; *:. !-> ., A. +. = e::erc,?i dif f ererlce i>etwei.sn the parent state fc,r- yl.:j!.:r 

p a r t i c u l a r  transition and the ground state. 
If t h e  :,ta:e(s) ~ C U  w a n t  t ~ : .  WOL-II ~i :- . i :  i.5 n~ t r  present in the  f~lll I l . : ; t ,  

, 
it is s;l;~:.::~~r-:t ti: e n t 3 r  t . h ~  ::L>J-': 5.:: i~*::il~ci.iza::i.m enilsr-gies fr::r- Lf!i? ATOM 

". . ., - .) . - to w9r-k ;j:-fig~?l; lj'. M ~ ~ ~ O T J ~ ~ .  , i,.~lt l > ~ ~ r ;  ti;<. , . , : 0 ~2 1; v: ?-,-: : <:. ~2 ATOM ;.; i 1. 1 
onerace co;> h u t  wlct: lower ac:c!jrar:j-. ?.:;)c ) ~ e y t e r . -  results, :3heS.:j; :':{? . , calculated Qnexq-y ff- in t?:t:! 17;*7Lik?!:t; d r : ~ : ,  .:f i i: .is :lo;: : ' 7 ~ ~ ; /  

, - .  - acc>:~- - '  " .2 
, . 

crL c : ~ . c . ,  C O T T ~ ~ : ~  i t- in the C O L - ~ - C S ~ > O ~ ~ ( ~ . ~ . ; : Y  .IRL>;.~: 11piiJi. 



Fa&m~Ia@: < 

2s2 Zg3 
(note t h e  space betwean the shell 

IS; 3D;  2P 

28;  3D; 2P 

Energy units: 

eV @ I cm-I 0 I fiy 0 
Optional Parameters 

: , + M~cike a p l o t :  I x log scale?: @ -y lot sca1.e: 1 

I Thanks  button 1 



good code 

good code 

good 
physicist 

good 

reliable 
results 

many 
results 

(reliable?) 

interface 
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Activities of the A+M Data a t  CRAAMD 

1995,lO-- 1997,6 

Sun Y. S. 

We have done the following affairs since the last meeting : 

1 Completed one research project entitled " Generation 

and Evaluation of Ne - Ions Data ", the contract No. 

8 8 4 0 M .  The working period is Dec. 15, 1995 - Dec.15, 

1996. 

In this job , electron-impact excitation data for neon 

and neon ions published up to mid-1996 had been 

collected exhaustively and stored with ALADDIN 

formatted data fdes. 

2 Collection and Calculation of Electron-impact 

ionization data for neon and its ions. 

(1) Data collection 

Following Lotz (1- 31 , Tawara and b t o [ 4 ]  electron- 

impact ionization data for neon and its ions published 

from mid-1986 up to the early of 1997 have been collected 

and stored with ALADDIN format. 

(2) Data calculation 

In order to evaluate and check the cross - sections for 

single ionization of neon ions from the ground state , I 
asked Prof. Wang * to calculate these data systematically 

in the distorted-wave Born exchange approximation. 
......................... 

* Prof. Y. S. Wang's group at Fudan University in Shanghai is a menber 

of CRAAMD. 



In  this mothed, several results have been published 

recently[ 5,6]. 

All cross-sections for single ionization are fitted with 

Younger formula 

were = E , I is the ionization potential of electrons in a 
I 

subshell, E is the electron impact energy, U I ~ Q  is reduced 

cross section, Q denotes the normal cross section; A,B,C,D 
are the fit parameters. 

Calculated Results: 

i ) Ionization Potential 

The ionization potential I ,  for electron in the 

outermost shell and I .  for electron in the sub-outermost 
I 

shell are given in Table 1 for Ne ions. 

Table 1. 



i i  ) Fit Parameters of Cross Sections 

The fit parameters of cross sections for the outermost 

shell and the sub-outermost shell of Neq+ ions are given in 

Table 2 and Table 3 respectively. 
Table 2 . The fit parameters of the outermost shell for Ne9+ ions 

Table 3 The fit parameters of the sub- outermost shell for Ne9+ ions 

A(%) means the relative deviation of the fit values from the 

original data. 



iii) Rate Coefficients 

s = < Q v > =  k v Q ( v ) f  ( v ) b  ( 2 )  

f (v) is the Mamellian distribution of electrons. Or, using the 

reduced cross section, 

where kT and I are in eV units, U I ~ Q  in n a 2 ~  unit. 
0 y 

Eq.(l) is substituted into Eq.(2), 

where 

f,(r) and f,(x) can be calculated by the following fit formulae: 

a ) For x <  1.0 



b) For 1.0 < x < GO 

where a b.  are the fit parameters given by Table 4. 
i' z 

Table 4 
------------------- 

in which, the fit parameters a are given in Table 5 with three 
I 

regions 



Table 5 

The ionization cross sections for Ne4+ ions ( q=l, 2, ..... 9 ) are 

shown in Fig. 1-Fig.9 separately. The curves in these figures 

are  calculated by Eq.(l) . The rate coefficients for 

Neq+( q=1,2, .... 9) are  shown in Fig. 10. The curves in Fig. 10 

are  obtained by Eq.(4). The points in Fig.10 are  given by 
Voronov [7] ( see Appendix ). Our results and Voronov's one 

are close to each other. 

Appendix 

Dr. Voronov gave the following fit formula 17) for atom 

and ions from H to Ni recommended by the Belfast group, 

dF where, 1 , dE is threshold energy, 7; is electron 
Te 

temperature; A, X, K, P are adjustable parameters. For Ne 

atom and its ions they are given in Table 6. 



Table 6 
........................... 

ion dE(eV) P A(,,3 .s-ll X K T,,(~V) ~_,(keL? 

3 The cross sections for charge transfer in Arq+ collisions with 

atomic hydrogen were calculated in classical trajectory Monte 

Carlo (CTMC) method. The main results have been published 

already (See Dr. Qiu Y. B. et ai., J. Phys. B 30, 1955-1960 ). 
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INTERNATIONAL ATOMIC ENERGY 

AGENCY 

Atomic and Molecular Data Unit 

Nuclear Data Section 

Report of Activities: June11996 to July/1997 

Advisory Group Meeting on "Tecllnical Aspects of Atomic 
and Molecular Data Processing and Exchange" (14th Meet- 
ing of the A+M Data Centres and ALADDIN Network) 

Prepared by: J.A. Stephens 
July 17, 1997 



STAFF A N D  EQUIPMENT 

Staff 

- 2 Physicists 

- 1 Documentation Clerk and Support 

- Short-term Consultants 

Equipment 

- IBM RS6000/340 Workstation 

* 128 MB of RAM 

* 2 GB of Hard Disc Storage 

* Operating System: UNIX/AIX 3.2 (to be upgraded 

to  4.2) 

- IBM RS6000/E30 Workstation 

* 384 MB of RAM 

* 9 GB of Hard Disc Storage 

* Operating System: UNIX/AIX 4.2 

- IBM RS6000/PowerPC 401' 

1: 32 MB of RAM 

* 1 GB of Hard Disc Storage 

* Operating Systern: I:NIX/AIX 4.1 



- Two IBM X-station/l40 terminals 

- 2 IBM PCs 

* 8 Mbytes RAM 

* 40-80 MB Hard Disc 

* Operating System: MS/DOS, MS/Windows 

Communications 

- INTERNET 

* Anonymous ftp account: user "anonymous" or "ftp" 

* AMDIS on-line service: user "aladdin" 

* WWW page: new version to be released soon. 

* IP Address: ripcrs0l .iaea.or.at 



AREAS OF INTEREST 

Atomic and Molecular Collisions 

Atomic and Molecular Structure and Spectra 

Plasma-Surface Interactions 

Material Properties 

PROJECTS 

Status of AMDIS Interface and Usage 

Data Evaluation and Recommendation 

Coordinated Research Projects and Research Contracts 



Status of AMDIS Interface and Usage 

Atomic and Molecular Data Information System (AMDIS): 

-Online computer access to atomic, molecular, plasma-material 

interaction and material properties databases, and other infor- 

mation. 

A+M Bibliographic Data System (AMBDAS): 

-AMBDAS of the A+M Data Unit contains bibliographic en- 

tries with information relevant to fusion research and develop- 

ment. 

-Online system gives access to this bibliographic database with 

a menu-driven, user-friendly environment. 

ALADDIN Interface and Database: 

-Online database system, menu-driven and user-friendly envi- 

ronment. Within a database a search-tree of hierarchical labels 

is built to do the search, with selected Boolean labels. 

-Both Fortran ( "old" version of ALADDIN) and C-versions 

used. Some bugs have been corrected in menu-interface. 

-h,lost irnprovernents discussed at 13th DCN Meeting still need 

to t ~ e  irnpleniented. 



I INTERNATIW A W I C  WERGY AGENCY 07-Ju -95 1 
I ATOMIC AND H O L W L A R  DATA INFORMATION SYSTEM , I 
I 

BIBLIOGRAPHIC RETRIEVAL SYSTEM 
I 

I 
SELECTION CRITERIA 

I 
I I 
I ! 

- 

Author 
Process 
Reactants 
Reference 
Year of Pub ication 
Energy/- p .  
Method (Th/~lp) 
RETRIEVAL 

I 
HELP: Choose se)ection criteria. 

I 

INTERNATIONAL ATOMIC ENERGY AGENCY 07-Jul-95 I 
ATOMIC AND MOLECULAR DATA INFORMATION SYSTEM I 

i 
BIBLIOGRAPHIC RETRIEVAL SYSTEM 

i 

! PROCESS I 
i 
I 

I 
I I 
( Code ( ? )  I Category 
I I Structure an 
I Category I Structure an 
1 I Structure an 
1 I Structure an 
1 I Structure an 
I I Structure an 

1 Photon colli 
I Photon colli 

SELECT PROCESS 
Process 
B Line Shapes and Shifts 
GS Structure, Spectra 
I Interatomic Potentials 
P Polarizabilities, Electric mom 
S Energy Leves, Wavelengths 
T Transition probabil., Oscill. 
GP Photon Collisions 
PA Total Absor., Scat. 

I 
HELP: Select process that you want. 

I 



I INTERNATIONAL ATOMIC ENERGY AGENCY 07-Jul-95 I 
I A W I C  AND HOISCULAR DATA INFORMATION SYnEM ! 
I I 

ALADDIN 
- HIERARCHICAL LABEL 
I I 
i I 
I I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

? ASDET: Associative detachrnent:A + B[-1 -> AB + e ? 
? ASION: Associative 1onization:A + B -> AB(+J + e ? 
? BEM: Spectral band emission:A + BC -> \lambda \I-' ? 
? CHEMION: Chem. ionization = Penning + associative 4 other ionization ? 

? CX: Charge Exchange (Single), 'Ibtal:~(+q] + B -> A[+(q-111 + B[+l ? 
? CX2: Double Charge Exchange Total:A[+q] + B -> ~[+(q-2)1 + B[+21 ? 
? CXSS: State Selec. Elec. Capture, Single:~[+ql + B -> A(+(q-l)l + B[+l ? 
? DEST: Destruction of Projectile or Target ? 
? DEXC: Collisional De-Excitation (of target):A + B ( * )  -> A + B ? 
? DEXC+STRIP: Projec. De-Excit. by ~tripping:A(*) + B -> A(+](*) + B + C ? 
? DIS: Direct (Impact) ~issociation:A + BC -> A + B + C ? 
? DISCX: Dissociative Charge Exch.:A[+q] + BC - >  A[+(q-1)) + B + C[+l ? 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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I 

ALADDIN 
i - HIERARCHICAL LABEL 

I CX C [+I] H I 

i 
I i 

? ? ? ? ? ? ? ? ?  
I 

I ASD( *C ( *[+I[ *H  ? [ + O ]  ?A + B[-] -> AB + e 
ASIJ Fe ( [+2) H(2?????????A + B -> A B [ + l  + e 

I 
I B m (  H 1 1.31  ion:^ + EK - >  \lambda \lambda1 

I 
( CHE( He 1 [+41 lization = Penning + associative + other ionization 

I 
1 *CX:I H ( 2 )  [ + 5 1  le (Single), Total:A[+q] + B ->  A[+(q-111 + B[+l 

I 
( CX2 ( 0 1 [+61 1 Exchange Total:A[+q] + B -> Al+(q-2) I + B[+2] 

I 
I Elec. Capture, Single:A[+ql + B -> A(+(q-l)] + B [ + ]  

I 
I c = I l  

I DEST: Destruction of Projectile or Target 
I 

D M C :  Collisional De-Excitation (of target):A + B ( * )  - >  A + B 
I 

I DMC+STRIP: Projec. De-Excit. by Stripping:A(*) + B - >  A[+](*) + B + C 
I 

I DIS: Direct (Impact) Dissociation:A + BC - >  A + B + C 
I 

DISCX: Dissociative Charge Exch. : A [ + q ]  + BC - >  A[+(q-l)] + B + C[+] 
I 

I 1 



New ALADDIN formatted data added to AMDIS 
collisional database: 
-Collisional database for Lithium-beam interaction with fusion 

plasmas. (Published as "Cross sections for collision processes of 

Li atoms interacting with electrons, protons, multiply-charged 

ions and hydrogen molecules", by D. Wutte, R.K. Janev, F. 

Aumayr, M. Schneider, J .  Schweinzer, J. J. Smith and HP. Win- 

ter, At. Data Nucl. Data Tables 65, 155 (1997).) 

New ALADDIN formatted data (stored on 
disk only): 
-Collisional database for electron-impact excitation of Neon. 

(From Institute of Applied Physics and Computational Mathematics- 

China). 

Maintenance of the IAEA Bibliographic Database: 
-34600 entries, dating from 1950 to present. Includes 

International Bulletin on Atomic and Molecular Data for 

A s i o n  (published semiannually) through Vols.1-52 (Vol. 52 in 

preparation). 

Contributors: 

ORNL (USA) 

NIST (USA) 

Kurchatov Institute (Russian Federation) 

NIFS (Japan) 





World Wide Web Homepage- 

Provide new or potential users informative background 

of A+M Data Unit function and services, and Tel- 

net/FTP access to database server. 

Provide experienced ALADDIN users or other ex- 

perts easy and user-friendly access to A+M Data 

Unit services. 

Direct access to existing databases in block data form 

(if desired), direct downloading of databases from 

Web page. 

Information on current and upcoming activities, meet- 

ings, publications, etc. 

Links to DCN laboratorim. ~najor frision laborato- 

ries. 



The Atomic and Molecular Data Unit operates within the Nuclear Data Section of International Atomic 
Energy Agency, Vienna, Austria. 

The primary objective of Atomic and Molecular Data Unit is to establish and maintain internationally 
recommended numerical databases on atomic and molecular collision and radiative processes, atomic 
and molecular structure characteristics, particle-solid surface interaction processes and physico-chemical 
and thermo-mechanical material properties for use in fusion energy research and other plasma science 
and technology applications. 

The IAEA Atomic and Molecular Data Unit achieves this objective by coordinating the activities of the 
International Atomic and Molecular Data Center Network (DCN), initiation and conducting 
international Coordinated Research Programmes (CRP's), organization of various types of Expert's 
Meetings, and using other forms (research contracts, research agreements, consultancies) for stimulation 
of the generation, collection md criticat assessment of the required atomic, molecular (A+M) and 
plasma-material interaction (PMI) data information. 

The critically assessed and internationally recommended A+M and PMI data are ALADDIN formatted 
and stored in the IAEA Atomic and Molecular Data Information System (AMDIS), which comprises 
also a bibliographic database (AMBDAS on the A+M and PMI data relevant to fusion research. The 
dissemination of the critically assessed and recommended data information is carried out by direct 
on-line access to AMDIS, pubiication of the series "Atomic and Plasm-Material Interaction Data for 
Fusion" (annual Nuclear Fusion Supplement, NF A+M Suppl.) and d k  data related Publications. 

The bibliographic data information stored in AMDTS is also published in the International Bulletin on 
Atomic and Molecular Data for Fusion (semiannually) and in the Computerized Index on Atomic and 
Molecular Data for Fusion - CIAMDA (periodically). 

The IAEA Atomic and Molecular Data Unit links with national A+M and PMI data centers and with the 
major fusion research laboratories. 

The activity of the IAEA Atomic and Molecular Data Unit is supervised and biennially reviewed by the 



A = ALADDIN formatted database 

R = Recommended database 

EV = Evaluated database 

1. Spectroscopic Databases 
There are presently no entries in the IAEA database in this category. The interested data searchers are 
directed to the US NIST Atomic Data Centre. 

2. Collisional Databases 

2.1 Electron-A tomAon/Moiecule Collisions 

* (A,R) 1. "Atomic and Molecular Data for Fusion, Part I - Recommended Cross 
Sections and Rates for Electron Ionization of Light Atoms and Ions", by K.L. Bell, 
H.B. Gilbody, J.G. Hughes, A.E. Kingston, FJ. Smith. 
J. Phys. Chem. Ref. Data 12,891 (1983). 
(This database has been updated and attached to database #4 below.) 
@ (A,R) 2. "Recommended Data on Excitation of Carbon and Oxygen Ions by 
Electron Collisions", by Y. Itikawa, S. I-Iara, T. Kato, S. Nakazaki, M.S. Pindzola, 
D.H. Crandall. 
At. Data Nucl. Data Tables (ADNDT) 33,149 (1985) 
(This database has been updated in the database 2.3#1 below.) 

(A,R) 3. "Recommended Data on Atomic Collision Processes Involving Iron and 
its Ions", by C. Bottcher, D.C. Griffin, H.T. I-Iunter, R.K. Janev, A.E. Kingston, 
M.A. Lennon, R. A. Phaneuf, MS. Pindzola, S.M. Younger, 



The IAEA Atomic and Molecular Data Unit stom and maintains recocmxmkd and aihcdly s5a.sed 
(evaluated) numerical databases of atomic and molecular (A+M) colIisional 4 ea&&ke , p q p e ~ e s  
(cross sections, spectroscopic data), particle-surface interactions (PSI) p m e s e s  ( s d  as phy.sicd 
sputtering, erosion, etc.) and bulk material pmpetXies (e-g. thermomechauhd gxrii&ies, ,padcle 
diffusion, retention, etc.). The ALADDIN formatted numerical databases (ca4k-d &so ALADDDW 
database) and the entire Bibliographic Database (AMBDAS) constitute the fao$ua!l content of -IS. 

The attribute "reco,mmenbed" means that the data information contained in the respective database has 
been considered as the best available at the themoment of its r~commndation for use in fusion.research 
(and for other applicafions). The rm- is u s d y  r;nade by a.groupof experts, by the A+M 
Data Center Network and by the IFRC A+M S u b c o d e e .  

Evaluated databases are colkctions of data critidlg assessed by individual expeas or group of experts, 
but have not passed the more stringent procedure of "recommendalion" by a broader expert body. 

Categories of available databases: 
Numerical Databases: 

1. Spectroscopic Databases 
2. ColIisional Databases 
3. Particle-Surface Interaction Databases 
4. Material Properties Databases 
5.  Special Purpose Databases 

Bibliographic Database (AMBDAS) 

* Main Page 



What is ALADDIN? 

ALADDIN Data Storage and Retrieval Principles 

General Description of ALADDIN Data Files 

ALADDIN Dictionaries 

Dictionary files contain documentation which describes the particular labels forming data entries. These 
files support a simple label based search structure for accessing the documentation and can be used with 
the interactive system. 

1. Dictionary for atomic and rnoiecular (spectroscopic and collisional) data. 
@ 2. Dictionary for particle-surface interaction data. 
@ 3. Dictionary for material properties data. 
@ 4. Dictionary of Boolean labels. 
@ 5. Dictionary of ALADDIN evaluation functions. 

@ Sample of ALADDIN Files 

ALADDIN Data Files 

INTE CTIVE ACCESS TO 



Atomic and Molecular Data Information System 
(AMDIS) 

AMDIS is a database information system consisting of the Atomic and Molecular Bibliographic Data 
System (AMBDAS) and numerical databases of recommended and evaluated atomic, molecular and 
plasma-surface interaction data (ALADDIN) for fusion research. 

@ Numerical Databases and a ALADDIN 

* Bibliographic Database (AMBDAS) 

INTERACTIVE ACCESS TO AMDIS 

AMDIS DOCUMENTATION 
Q Postscript Version of AMDIS User's Manual 
* Latex Version of AMDllS User's Manual 

Brief Instructions for Running AMDIS 



Thc AMDIS database system contains atomic, molecular, plasma-material interaction and material 
properties data. Both bibliograptuc and numeric information is available covering the main processes, 
species and materials of interest in thennonuclear energy research and development. The data storage 
and retrieval principles for ALADDIN are described in the AMDIS/ALADDIN Section. A search wifhin 
AMDIS can be initiated via a telnet session to the A+M Data Unit server either as a guest or registered 
user. 

To use this service as a guest or registered user, choose 
TELNET SESSION 

to start a telnet session (username 'ALADDIN', userid 'GUEST' 
for guest users, or userid 'PASSWD9 for registered users). 

To register as a user or to obtain more information, send an e-mail to: 
PSMORIPCRSOl .IAEA.OR.AT 

giving your name, affiliation, and full mailing address. 

Retrieve Data 

This opens an FI'P session to the database server and provides an opportunity to download the data files 
that were named and saved in AMDIS. 

@Main Page 



Data Evaluation, Assessment, and 

Recommendat ions: 

Critical Assessment of Electron-Impact Cross Section 

Database for Be and B Plasma Impurity Ions. IAEA 

INDC(NDS)-369. (Bartschat , Berrington, Bray, Stephens, 

J anev) . 

Collisional Database for Excited Hydrogen and He+(n) 

with Fully Stripped Fusion Plasma Impurities (He4+, 

L P 3  I ~ e + ~  I B+5+). INDC(NDS) Report in prepara- 

tion. (Solov'ev, Janev, Stephens). 

Plasma-Surface Interaction Induced Erosion Database: 

In progress (Stephens). 



CRP: "Plasma-surface interact ion in- 
duced erosion of fusion reactor mate- 
rials" 
A.  Haasz (U.  Toronto), W. Ekkstein (MPI-Garching), 
E. Vietzke (KFA-Jiilich), Y. Hirooka (U .  San Diego). 

Handbook and database for: 
-Chemical Erosion 
-Physical Sputtering 
-Radiation Enhanced Sublimation 
-Erosion Data Derived from Tokamaks 

Target materials: mainly Bel C, W, plus some doped 
graphites, B4C, Tic, Sic.. 
Projectiles: H, D, T, He, C, 0, Ne, Ar, N .  
Parameters: Chemical and sputtering yields as func- 
tions of temperature, incident flux, incident energy. 

-To be published in "Atomic and Plasma-Material Interaction 

Data for Fusion" (Nucl. Fusion Suppl.) Vol. 7 (1997), and 

included in the PSI ALADDIN database. 



Source: J .  W. Davis, A. A.  Haasz and P. C. Stageby,  J. Nucl. Mater. 155, 234 (1988). 

Accuracy: Yield: f 35%; T: f 25K. 

Comments: (1) Stcady-state hydrocartmn production. 
(2) Specimen: graphite (pyrolytic). 
(3) H+ ions: mass analyzed accelerator; (sub-eV) is produced via dissociation of 
Hz on a hot W ribbon. 
(4)  Methane measured via QMS-RG A. 

Analytic fittine: function: 

Erosion yield: 

where T is in Kelvin. The rms deviation of analytic fits for reactions A (*), B (o), C (0) and D 
(A)  are 5.2%, 11.2%, 8.% and 7.3%, respectively. 

Fitting parameters A, -A, 

Reaction: 
A 2.4666E+00 6.5490E+02 4.9773E+04 1.2144E-01 4.5660E-03 -4.3563Er03 

ALADDIN evaluation function for erosion yield: EYIELD7A 

ALADDIN hierarchical labelling: 

SST H [+O] H [+I] graphite T=HPG OR=basal-plane C 
SST H [+O] H [+I] graphite T=HPG OR=basal-plane CHI41 
SST H [+O] H [+I] graphite T=HPG OR=basal-plane C{3)H{8) 
SST H [+O] H [+I] graphite T=HPG OR=basal-plane C{2)H{6) 

* total C N  : 
CH, 

C,H, 

--- Analytic Fit 



Coordinated Research Projects: 
Active in 1997: 

"Radiative cooling rates of fusion plasma impurities" (8 

collaborating laboratories). 2nd RCM held on 1415 Oc- 

tober 1996. Completion of CRP in 1997. 

"Atomic and plasma-wall interaction data for fusion re- 

actor divertor modeling" (12 collaborating laboratories 

and research groups). 2nd RCM scheduled for July 30- 

31, 1997. Extension of this CRP for additional two years 

is expected. 

"Collection and evaluation of thermo-mechanical proper- 

ties data of fusion reactor plasma facing materials" (8 par- 

ticipating laboratories). 2nd RCM held on 25-27 March 

1996. Expected completion in 1998. 

"Reference data for tritiurn retention and release in fu- 

sion reactor plasma facing components" (8 participating 

laboratories). Terminated in 19%. 

CRPs to be initiated in 1997: 

"Recommended charge exchange cross s c ~ t  io11 data for fu- 

sion plasnla studies" 

"Erosion properties data for rriixed plasnla facing fusion 

reactor materials'? 



Short-term consultants- 

Dr. J .  Botero (Colombia) 

Dr. P.S. Krstid (ORNL, USA) 

Dr. E.A. Solov'ev (Macedonia) 

Dr. I.V. Komarov (Russia) 

Dr. D. Wang (IAEA) 







C1-like C1 

Term energies relative to 3s29p4 SP ionivtion threshold for each symmetry 

Energies in ascending order h m  p u n d  state for terms with effective n 510.0, L 5 2 

i E(Ryds) Description 
7 -.01807 3s23p4 I D  3d ' 
8 -.01474 3s23p4 3P 8d: 
9 -.01203 3s23p4 3P 9d: 

i E(Ryds) Description - 
?Po 

1 -.97357 3s23ps 
2 -.I7393 3s23p4 'P 4p 
3 -.09022 3 ~ ~ 3 ~ ~  'P Sp 
4 -.07186 3 ~ ~ 3 ~ '  'D 4p 
5 -.04910 3s23p4 'P 6 p  
6 -.03316 3s23p4 'P 7p 
7 -.02379 3s23p4 'P 8p 
8 -.01788 3 ~ ~ 3 ~ '  = P  9p 

?So 
1 -. 17481 3 ~ ~ 3 ~ '  'P 4p 
2 -.08612 3s23p4 = P  5p  
3 -.05129 3 ~ ~ 3 ~ ~  'P 6p 

gf-values for transitions involving terms with effective n 599.0, L 5 2 

i E(Ryds) Descriptioo 
4 -.03401 3rzSp4 'P 7p 
5 -.02425 3rLlp4 'P Bp 
6 -.01815 k2SP4 'P Qp 

2Se 
1 -.I9084 3r3p6 
2 -.02073 3s23p4 'S 46 

'Pe 
1 -.26945 3s23p4 'P 4s 
2 -.I1910 3s23p4 sP 3d 
3 -. 11450 3s23p4 SP 5s 
4 -.06930 3s23p4 'P 4d 
5 -.06372 3r23p4 'P b 
6 -.04551 3s23p4 5d: 

Term i E(Ryds) 
'Pe 15 0.96113 
'Pe 16 0.96145 
2De 9 0.96154 
'So 8 0.96231 
'Po 10 0.96243 
'Pe 17 0.96350 

- Term i E(Ryds) 
?Po 1 0.00000 
2 ~ e  1 0.70412 
2Se 1 0.78273 
2So 1 0.79877 
ZPo 2 0.79964 
2De 1 0.80131 
2Pe 2 0.85447 
'De 2 0.85460 
2Pe 3 0.85907 
'Po 3 0.88335 

i E(Ryds) Description 
7 -.01058 3s23p4 3P 7s 
8 - .a256 3r23p4 3P 6d: 
9 -.02810 3r23p4 SP 8s 

10 -.02162 3r23p4 SP 7d: 
11 - .0206 1 3s23p4 3P 9s 
12 -.019113r23p4 sP  8d: 

'De 
1 -.I7226 3s23p4 'D 46 
2 -.I1897 3s23p4 3P 3d 
3 -36702 3s23p4 'P 4d 
4 -.04303 3s23p4 'P 5d 
5 -.OM17 3r23p4 'P 6d 
6 -.02269 ~ 3 ~ ~ 3 ~ ~  'P 7d: 

Term i E(Ryds) 
'So 2 0.88745 
'Po 4 0.90171 
'Pe 4 0.90427 
'De 3 0.90655 
'Pe 5 0.90985 
'So 3 0.92228 
IPO 5 0.92447 
'Pe 6 0.92806 
'De 4 0.93054 
'Pe 7 0.93299 

Term i E(Ryds) 
2S0 4 0.93953 
2Po 6 0.94041 
'Pe 8 0.94101 
'De 5 0.94340 
'Pe 9 0.94547 
'Pe 10 0.94896 
'So 5 0.94933 
2P0 7 0.94978 
'De 6 0.95088 
2Se 2 0.95284 

Term i E(Ryds) 
2Pe 11 0.95297 
'Pe 12 0.95446 
'So 6 0.95543 
'De 7 0.95550 
2P0 8 0.95569 
2Pe 13 0.95781 
2Pe 14 0.95848 
2De 8 0.95883 
'So 7 0.95948 
'PO 9 0.95965 









The QB method: analysing mmances using R-matrix 
theory. Applications to Cf, He and Li 



1 INDC I N T E R N A T I O N A L  N U C L E A R  D A T A  C O M M I T T E E  

IAEA consultants' Meeting on .... 

"Critical Assessment of Electron-Impact Cross 
Section Database for Be and B. 

Plasma Impurity Ions" 

2-3 September 1996, IAEA Headquarters, Vienna 

SUMMARY REPORT 

Prepared by 
K. Bartschat, K.A. Berrington, I. Bray, 

J.A. Stephens and R.K. Janev 

April, 1997 
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RMPS ----- 
R M l 2  - - - - - .  

L ' " " " I  

. . . . . . . . . . . . . . .  

RMPS - - - - -  
Rhll2 - - - - - -  

.......... 

Figure 2: Collision strength for the (2s2) lS  - ( 2 ~ 2 ~ ) ~ P  ( top) .  (2s2 ) 'S  - ( 2 ~ 2 ~ ) ~  P (center), and (2s2) 'S  - 
(2p2)'D (bottom) transitions in Be. The individual curves are CCC 14). RAIPS 12). Rk112 is;. a n d  

DWBA (51. 



h d e n t  Electron Energv (QV) 

Figure 4. Integrated cross sect~ous for rlastlc scattering (a)  and electron unpact 

excitation of the 2% (b) ,  2lS ( c ) ,  3V0 ( d )  and ?'Po ( e )  states from the ground state 

1's. The theomtical curves correspond to: - , RblPS; - - -. CCC of Fursa and 

Bray (1995): - . - . (a). Tw-state R-matrix calculation of Fon et al(1981a); - .- (b- 
e) ,  five-state R-matris cdculatio~i of Fan et a l  (19Slb); . . . . .. %-state R-matris 

calculation of Sawy  and Berrington ( 1993). The sources f a  the expc-tal data 

are: squares. Rqgstu et d (1980): open circles. Trajmar (1973); triangles, Cbutjiaa 

and Srivastava (1975); solid d i d  Hall et al (1973); solid circles, DonaldraP et d 



Incident Electron Energy (eV) 

: igure 9. Total cross section for electron impact ionization of the He ground 

state. The theoretical curves corvespol-I\ to: - , RMPS with contribution from the 

positive-energy pseudo-states only; . . . . . . RMPS with contributions from the positive- 

energy pseudo-states and the 3'-jD states: - - - . CCC (Fursa and Bray 1995). The 

experimental data (open circles) m-e taken from h4ontague et a1 (1984). 

FIGURE 9 



Electron Impact Ionization of Be+ and 
Photoionhation of B e  at the K Edge 

Keith Berrington, John Peian and Lisa Quigley 
Department of Applied Mathematics and Theoretical Physics, 

Queen's University, Belfast BT7 I N N ,  UK 

Abstract 

We preeent new R-matrix calculations lor ionization processes involv- 
ing the beryllium K-shell, narnely electron impact ionization of Be+ 18'2s 
and single and double photoionization of Be. These are modelled near 
inner-shell thresholds in a unified way, coupling direct and indirect pro- 
cesses, enabling comparison of the respective autoionization features. Be- 
low the K edge, we predict that direft double photoionization contributes 
4% to the total cross section background for photoionizing Be; the on- 
set of K-shell excitation-autoionization, an indirect mechanism, increases 
the background by a factor 20. By contrast, we find that EA in e-+Be+ 
ionization increases its background by only 4%; this is less than previous 
estimates, but in line with experiment. We also study high energy be- 
haviour for photoionizing excited states, eg. Be ls22sns, where we find a 
background dominated by 2r .-. cp ionization. This process is normally 
omitted in R-matrix schemes used in opacity and recombination calcu- 
lations, leading to orders-of-magnitude underestimation at  high energies 
of excited st& photoionization, which also exhibits a large 1s - 2p core 
resonance above the K edge. 



~ ~ ~ * u d * ~ d r ( k d i c s j a r a & ~ w t * r e m p r o f t L i s  
M. W e i ~ ~ t k L a l l e w y ~ ~ & ~ k W @ ~ ~ ~  
a - ud t w  br YSLBU e x c i w k .  .1 indicates 
t p ,  4 u( .~r  -cum quaat- numbers d an excited outer 

&+(lsPd) + e- 

Be++(1ot) + a- 
@ 4 l d 4  -, Be++(l12) + 2e' READ1 
Ic+(W) + c- TBe++(ls2) + 2e' EA (2) 

WL-) Be+(ld.s2) + e' 
+ 6e*(ls2) + 2e' REDA 

Figure 1: Simphfied emqy  Level diagram for Be and its ions, showing some 
representative bmd (-) aad autoionizing ( -  - -) states, the latter being 
classified READI, EA rad REDA as expained in the text. nl indicates an 
excited outer dectron, hatching indicates the n - oo series, 'k" marks the 
K-shed edge. The vertical arrow on the left side d the figure indicates the 
direct pmeas, the ones on the right the indimt 7, Srx  &ton impact 
ionization of Be+ and double photoionization d &. 



F i r e  2: Ionization cross sections in units of 10-'~cm' ruoss the K edge of 
Be as a function of electron energy (eV), showing from the k i t  the READ1 
nsonmces,  the EA jump at 'K'  and the REDA resonances. A m w s  indicate 
the EA thresholds. 
Top panel, electron impact ionization cross section of Be+ ls22.9: -, our total 
cross section; - - - - , direct contribution background; - - - -, distorted-wave 
calculation of Younger (1980); - - - - -, CCC calculation of Bray (1995). The 
measurements of Falk and Dunn (1983) are shown with error bars: ...... our 
total cross section with the  addition of an arbitrary coastmt 12.4 x lo-'' cm2 
and convolved over the experimental energy spread of O.Z?eV. 
Bottom p a d ,  photoionization cross section of Be 18'2s': -, o u  doable . .  . p- cram emtion; - - - - -, single p h o t o h h t k m ;  ....., N cross 
ratia -tr of Jronit t i  et  d (1987) with m . l i u t i o n .  
Ir W a& 100 eV rod 125 tV: +, ak.ktior rCrl UUU r = 2 pins 
-, x .  with r plpr pcrbrtrkr. 



Figure 3: A d-up of the features near the K edge: -, our electron impact 
ionization cru6s section of Be+ ls22s in units of 10-18cm2 (left-hand scale); - - 
- -, our doabk photoionization cross section of Be ls22s2 in units of 10-'*cm2 
(right-hand d), +s a function of electron energy eV. (a) shows the lowest 
READ1 reeolruces, 1s2s22p 'p2pO; (b) shows the EA and REDA behavior 
acmss the two k t  inner-shell thresholds, ls2s2 2Se and ls2s2p 'PO (marked 
by u m w s ) .  Somc of the resonances are elucidated in table 4 S. 



A Unified Theory of Direct and Indirect Ionization 
Processes near the Li 'Hollow Atom' Threshold 

Keith Bern'agton' m d  Shinobu Nakazaki2 
'Department 04 Applied Matbanatics and Theoretical Physics, 

Queen's U n i h t y ,  Wut BT7 INN, UK 
lDepartment of Materials Science, Faculty of Enpneering, 

Miyazaki University, Miyazdti 889-21, Japan 

Abstract 

We propose a unification in the theoretical treatment of different ionization processes occurring in 
photon and electron impact on atom and ions, and in so doing uncover some interesting behavior of 
lithium near its 'hollow-atom' threshold. By introducing a set of 'core base states' for the Li+ target, 
and optimising the collisiond representation within an R-matrix model, re show for the first time how to 
combine a6 inilio, outer-shell and inner-&ell effects, ucitation and ionizatioo channels, direct and indirect 
ionisation processes, resonant and oon-nsonaot behavior, for photon and electron impact processes. We 
w the new method to inkrpret uperimentai data on electron impact ionization of ground state Li+ 
and photoionization of Li, and look a t  double photoionitation. We examine and quantify hollow-atom 
interference effects and wonancee. We also, for the first time, give a reliable prediction for electron 
impact ionization out of metsetable Li+, and of ucitation at the hollow atom threshold. 



A Figure 1: Crosd sections ( 1 0 ' ' ~ c t a ~ )  acscm the L 
hollow-atom thresholds (marked by uraws) as a tunc 

F 
tion of electron energy (eV). Top frame: - pho 
toionization of Li from Azuma et d @I, measure 
ment plotted linearly on a relative &. Upper mid 
dle frame: - single and - - - dorrbtk photoioniza 
tion of Li, present calculation plotted on a bg scale 
Lower middle frame: - Li+ls2 (left-Lznd scale), - 
- - Li+ 1 ~ 2 ~ 3 s ~  and - - - - - Li+ 1 ~ 2 ~ ~ 9  (r#g.bt-hanc 
scale) electron impact ionization calculation. Fhe ex 
periment is for ls2 h m  Mdler et a1 [6] w i t h  87 
error bars. The two crosses are for l s 2 s 3 S  by Z 
s&g Moores' formular [26]. Bottom f ruw:  - 
Li+(ls2 - l s 2 3 P )  electron impact excitaticw. Thl 
experiment is Rogers et a1 [27] interpolated. 
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An integrated approach to bound and continuum 
states: application to C I11 

Keith Berrington, John Pelan and Lisa Quigley 
Department of Applied Matbematics and Theoretical Physics, 

Queen's University, Belfast BT7 I N N ,  UK 

Am imtqrued -rod b .bait ntmctmre dcdatiols m described, using r a m t  developments 
in the pscudo&&e/R-matri d, ritL tk &k opcirizrtbm o f f e d  by doo-compling. These 
indnde the explol ta tk  d Lk 'QB' rsLbd br a p t e r r t i c  r e ~ o r u c e  radysir, the ddnition m d  use 
of 'core brse .tJa' br Uc w, d t k  w p o c d i o m  d rdrtivistive cllscts ri. the Breit-Pauli 
H d t o n i r n  in the Oprcity Project &. For t k  fimt time, a complete r t  of data is calculated 
for fincrtructmrc energy k v d r  for bound and coatinuurn states of the form lsa2snl md 1s'2~nl 
( J  = 0' and J = I") up to n = 10 for the Belike ion C 111, together with osciuator strengths and 
photoionization cross sections. 



Figure 1:  Schematic energy level diagram for C 1 1 1  and  C I\ '; the blocks represent the ls221nl' b o u n d  a n d  
resonant states  (below and above ls22s respectively) 



Table 2: Comparison of gf-values for C 111 J = Oe - lo: OP = Opacity Project [12,13,22]; LScore and 
Present, see text. The Wiese et a1 (71 tabulation included Weiss[9], Allard et a1 1231 and the OP. Others 
include CIV3 [1,2] and MCDF[3], and experiments [8,10]. 1ndexiG is defined in ~ i b l e s  1 
Ii-3' OP LScore Present Wiese et a1 Others 



Table 4. Energies of C I I I  bound and continuum 
states lr22snl snd l ~ ~ 2 ~ n l  ( n  < 10) for J = 0' (left) 
and l o  (right), in cm-' relative to the C IV ls22s 
ground state. n,R is relative to l ) l s22s ,  2 ) 1 ~ ~ 2 p , / ~  
and 3)ls22p312. A colon (:) indicates uncertainly 
in the descroption due to strong mixing. 

i Description n~ Energy 
1 l s22sZ IS;;  1 ) 1.5993 -386 147 
2 l s 2 2 p z 3 6  2)1.7748 -248378 
3 1 8 ' 2 ~ ~  2)1.9223 -202090 
4 l r 2 2 r 3 r ' s  1)2.6649 - 139069 
5 1r22r4r 1)3.6411 -74495 
6 ls22pl123p '5 2)2.8551 -33982 
7 lr22r5r IS 1 )4.5649 47396 
8 lr22ps123p 'g 3)3.0557 -40492 
9 1ra2&8 1)5.6884 -30523 
10 lsa2s7r 1)6.6653 -22232 
11 ls2268s 1)7.6557 -16852 
12 l s 2 2 s 9 s 1 3  1)8.6494 -1Sm3 
13 ls22s10s 1)9.6444 -1M19 
32 1 ~ ~ 2 ~ ~ ~ ~ 4 ~ ' ~  2 ) s . M  -1165 
1 )  l ~ ~ 2 ~ ~ / ~  0 
a 1 ~ ~ 2 ~ ~ ~ 4 ~  ' g  314.0355 4632 
b ls22plI25p '5 2)4.8609 23376 
c 1 ~ ~ 2 ~ 3 ~ ~ 5 ~  '5;; 3)5.0251 26167 
d l ~ ~ 2 ~ ~ / ~ 6 ~  3P; 2)5.8614 36428 
e 1622p3/26p 'g 3)6.0185 38013 
f 1 ~ ~ 2 ~ ~ ~ ~ 7 ~  36 2)6.8631 44208 
g 1 ~ ~ 2 ~ ~ ~ 7 ~  3)7.0138 45202 
h l ~ ' 2 p ~ ~ ~ 8 ~  '5 2)7.8658 49213 
i ls22pj128p 3)8.0095 49884 
j '5 2)8.8686 52619 
k 1 ~ ~ 2 ~ ~ ~ ~ 9 ~  '8 3)9.0052 53100 
I 1 ~ ~ 2 ~ ~ ~ ~ 1 0 ~  3~ 2)9.8716 55041 
m 1s22p31210p '8 3)10.001 55405 
2 )  ls22P1/2 65176 
3 )  1 ~ ~ 2 ~ ~ ~  65279 , 

Da~ript ioo 
1 rZ2r2p Pi' 
is22s2p pp 
ls22s3p ' p p  
1 ~ ~ 2 ~ 3 ~  =e 
ls22p,l*Ss =e 
ls22s4p ' P i :  
1 ~ 2 2 ~ 4 ~  3Pp 
1 s22&/236 e: 
ls22pl123d 3@:  

ls22p3123d 3e: 
ls22s5p '5  
1 ~ ~ 2 6 5 ~  Pi' 
ls22P3123d Pi': 
ls22s6p Pi' 
ls22s6p ' P p  
ls22r7p 'e  
ls22s7p 'Pp  
is22&p l p p  
lo22s8p 'Pp 
lr22s9p ' P p  
ls22s9p 3 5  

1 ~ ~ 2 ~ 1 0 ~  pp 
ls22s10p 3Pp 
ls22pl,24s 3Pp 

Energy 
-333688 
-283424 
-127216 
- 126473 

-77434 
-75905 
-68379 
-63507 
-47947 
-45503 
-42781 
-4 1850 
-38652 
-29185 
-29122 
-21346 
-2 1274 
-16313 
-16187 
- 12893 
-12728 
-10489 
-10284 
-9258 

27 ls22P3;24s Pi': 3)3.6821 -7566 
a ls22pl/24d 3@: 2)3.9574 21 12 ' 



Table 3: Positions and widths in t 

to the 1s22s state of C IV. Indexin 
( Oe Position (eV) Width (eV) 

1 d the lorest lying resonance states of C I I I  J = Oe and lo relative 
, is d&ned in Table 4. Our calculated E(ls22s - 1s22s2)=47.874 e V .  

lo Position (eV) Width (eV) ' - 
a 0.262 0.146 
b 0.377 0.062 
c 0.683 0.054 
d 2.410 0.005 
e 2.521 0.138 
f 3.105 0.021 
l.3 3.143 0.032 
h 3.302 0.029 
I 4.243 0.004 
j 4.305 0.074 
k 4.636 0.004 
1 4.657 0.019 
m 4.748 0.018 



' 4 - -  

- 
(Ei  - E , . ) .  

i i' g f ~  
11 20 -3.25E-I 
11 21 -8.84E-6 
11 22 -1.34E-1 
11 23 -7.35E -6 
12 1 4.29E-9 
12 2 4 .UE -4 
12 3 3.27E 3 
12 4 6.85E- 7 
12 5 5.96E-7 
12 6 6.46E-.3 
12 7 1.60E-9 
12 8 6.01EA3 
12 9 1.19E-'7 
12 10 0.OOE-0 
1211 2.14E--2 
12 12 1.41E-7 
12 13 3.35E-4 
1214 2.48E-5 
12 15 5.19E-2 
1216 1.64E-1 
12 17 5.85E-5 
1218 9.78E-1 
12 19 1.02E-4 
12 20 -1.27E --0 
12 21 -1.14E-4 
12 22 -5.08E-1 
12 23 -2.00E-5 
13 1 4.83E-9 
13 2 2.63E-4 
13 3 2.29E-3 
13 4 4.81E-7 
13 5 3.82E-7 
13 6 4.43E-3 
13 7 4.87F-9 
13 8 4.08E -3 
13 9 9.71E -8  
13 10 0.OOE-O 
13 11 1.291'-2 
13 12 8.38E--8 
13 13 8.95E --5 
13 14 1.24E-5 
13 15 2.60E - 2  
13 16 6.271 -2 
13 17 2.23E - 5  
13 18 1.84E-1 
13 19 1.80E-5 
13 20 9.76E -1 
13 21 7.04E-5 
13 22 -8.04E-1 
13 23 -3.13L-4 

Indexing is defined in 

i i' gfL 

transitions. 

i 3 IJ~L 

Table 5. gf-values 

i i' gfL 

Table 4. Sign is of 

i i' @L 

fix C irr bac-.tructurc 

i id gfL 
7 12 -6.87E-6 
7 13 -7.22E-2 
7 14 -2.26E-5 
7 15 -4.01E-2 
7 16 -3.31E-2 
7 17 -9.66E-6 
7 18 -2.57E-2 
7 19 -1.61E-6 
7 20 -2.22E-2 
7 21 -6.47E-7 
7 22 -2.18E-2 
7 23 -8.68E-7 
8 1 2.713-8 
8 2 1.35E-2 
8 3 2.13E-3 
8 4 2.86E-6 
8 5 5.52E-5 
8 6 2.06E-1 
8 7 6.42E-8 
8 8 4.85E-3 
8 9 4.83E-8 
810  3.96E-7 
8 11 1.92E-1 
8 12 1.22E-6 
8 13 -1.45E-1 
8 14 -1.19E-4 
8 15 -2.42E-1 
8 16 -3.32E-2 
8 17 -1.l8E-5 
8 18 -6.63E-3 
8 19 -7.85E-7 
8 20 -5.933-4 
8 21 -1.51E-7 
8 22 -5.88E-4 
8 23 -1.79E-7 
9 1 3.05E-9 
9 2 3.87E-3 
9 3 1.16E-2 
9 4 2.14E-6 
9 5 6.62E-6 
9 6 5.09E-2 
9 7 1.07E-8 
9 8 3.85E-2 
9 9 5.20E-7 
9 10 O.OOE+O 
9 11 4.44E-1 
9 12 3.76E-6 
9 13 1.24E-1 
9 14 -4.97E-4 
9 15 -1.07E+O 

5 8 -8.15E-1 
5 9 -1.52E-7 
5 10 -6.63E-9 
5 11 -1.07E-1 
5 12 -3.87E-7 
5 13 -1.S9E-2 
5 14 -3.99E-5 
5 15 -7.55E-2 
5 16 -5.UE-2 
5 17 -1.fiE-5 
5 18 -4.55E-2 
5 19 -3.l4E-6 
5 20 -4.65E-2 
5 21 -1.50E-6 
522 -5.75E-2 
5 23 -2.33E-6 
6 1 2.59E-2 
6 2 2.90E-7 
6 3 7.06E-3 
6 4 1.07E-1 
6 5 2.93E-1 
6 6 3.77E-5 
6 7 1.44E-3 
6 8 7.79E-6 
6 9 -1.30E-1 
6 10 -3.14E-2 
6 11 -1.69E-6 
6 12 -1.23E-2 
6 13 -1.51E-7 
6 14 -5.28E-4 
6 15 -5.503-7 
6 16 -4.98E-8 
6 17 -1.55E-4 
6 18 O.OOE+O 
6 19 -3.12E-5 
6 20 -2.30E-7 
6 21 -2.02E-5 
6 22 -1.06E-5 
6 23 -1.ME-3 
7 1 8.06E-8 
7 2 2.07E-6 
7 3 7.03E-2 
7 4 2.57E-5 
7 5 9.15E-6 
7 6 7.24E-5 
7 7 O.OOE+O 
7 8 7.34E-1 
7 9 2.68E-7 
7 10 O.OOE+O 
7 11 -1.07E+O 

1 ' 

1 1 -1.93E-7 
1 2 -7.61E-1 
1 3 -2.24E-1 
1 4 -5.98E-5 
1 5 -3.61E-6 
1 6 -4.26E-2 
1 7 -8.50E-9 
1 8 -3.22E-2 
1 9 -7.00E-7 
1 10 -1.63E-7 
1 11 -4.60E-2 
1 12 -1.82E-7 
1 13 -2.48E-3 
114 -9.213-6 
1 15 -1.71E-2 
1 16 -1.17E-2 
117  -3.46E-6 
1 18 -7.93E-3 
119  -5.16E-7 
120  -5.50E-3 
1 2 1  -1.97E-7 
1 22 -3.74E-3 
1 23 -3.53E-7 
2 1 2.73E-1 
2 2 2.43E-7 
2 3 -1.17E-5 
2 4 -2.11E-4 
2 5 -1.30E-1 
2 6 -2.093-5 
2 7 -4.04E-3 
2 8 -4.82E-7 
2 9 -7.30E-1 
2 10 -1.83E-1 
2 11 -8.47E-6 
2 12 -5.12E-2 
2 13 -3.51E-6 
2 14 -7.77E-4 
2 15 -2.56E-7 
2 16 -9.48E-8 
2 17 -1.21E-4 
2 18 -3.00E-8 
2 19 -3.58E-5 
2 20 -7.99E-8 
2 21 -3.18E-5 
2 22 -1.38E-6 
2 23 -2.72E-4 
3 1 7.55E-8 
3 2 4.93E-1 
3 3 -1.61E-2 

9 16 -2.21E-1 
9 17 -6.70E-5 
9 18 -7.92E-2 
9 19 -5.64E-6 
9 20 -3.94E-2 
9 21 -1.57E-6 
9 22 -2.25E-2 
9 23 -1.98E-6 

10 1 3.36E-9 
10 2 1.50E-3 
10 3 7.69E-3 
10 4 1.57E-6 
10 5 2.07E-6 
10 6 1.92E-2 
10 7 l.lOE-9 
10 8 1.78E-2 
10 9 2.593-7 
1010 O.OOE+O 
10 11 1.00E-1 
1012 7.23E-7 
10 13 7.213-3 
1014 3.60E-4 
10 15 7.63E-1 
10 16 -1.31E+O 
10 17 -4.85E-4 
10 18 -2.46E-1 
10 19 -1.52E-5 
10 20 -9.63E-2 
10 21 -3.25E-6 
10 22 -5.37E-2 
10 23 -3.58E-6 
11 1 3.833-9 
11 2 7.62E-4 
11 3 4.88E-3 
11 4 1.02E-6 
11 5 1.02E-6 
11 6 1.03E-2 
11 7 O.OOE+O 
11 8 9.67E-3 
11 9 1.62E-7 
11 10 O.OOE+O 
11 11 4.08E-2 
11 12 2.77E-7 
11 13 1.32E-3 
11 14 6.56E-5 
11 15 1.37E-1 
11 16 8.95E-1 
11 17 3.26E-4 
11 18 -1.38E+O 

, 11 19 -1.56E-4 

3 4 4 
3 5 -2.15E-5 
3 6 -1.ZSE-1 
3 7 -1.17E-8 
3 8 -5.18E-2 
3 9 -1.16E-5 
3 10 -3.14E-7 
3 11 -8.52E-2 
3 12 -6.86E-8 
3 13 -8.37E-1 
3 14 -7.14E-6 
3 15 -1.l8E-2 
3 16 -9.67E-4 
3 17 -2.09E-7 
318 -5.61E-7 
3 19 -2.03E-9 
3 20 - 4 . 0 3 6 4  
321  -1.45E-8 
3 22 -1.7OE-3 
3 2 3  -1.17E-8 
4 1 4.49E-7 
4 2 6.163-2 
4 3 -3.14E-1 
4 4 -7.88E-5 
4 5 -8.45E-5 
4 6 -6.91E-1 
4 7 -9.29E-8 
4 8 -2.26E-2 
4 9 -5.083-7 
4 10 -9.593;-8 
4 11 -4.76E-3 
4 12 -7.62E-8 
4 13 -4.38E-2 
4 14 -9.30E-6 
4 15 -1.90E-2 
4 16 -1.09E-2 
4 17 -3.81E-6 
4 18 -7.10E-3 
4 19 -6.64E-7 
4 20 -5.01E-3 
4 21 -2.81E-7 
4 22 -3.71E-3 
4 23 -3.93E-7 
5 1 1.85E-8 
5 2 8.82E-3 
5 3 2.71E-1 
5 4 5.96E-5 
5 5 1.52E-5 
5 6 8.03E-2 

, 5 i -6.87E-8 
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MISDC of VNIIITRI and database "SPECTR" 

Multicharged Ions Spectra Data Center of VNIIFTRI is '1 research group working m~lre tt~ar. - - - .. 
years in the field of X-ray spectroscopy of multicharged ions and its application tbr diagnos~~cs of 11 

temperature plasmas. This group now consists of 7 researchers ( 5  physicists and 2 1:ngineers). 

The main fields of investigations: 

A. creation of Bragg and Bragg-Fresnel Gptic elements for high-resolution X-ray spectroscopy 

B. high-precision X-ray spectroscopy of multicharged ions (emission spectra obse~~vations, spectral Ii~ie ' 

identification, a m r a t e  wavelength measurements) ( = 1 ez 6 A )  
C. creation of X-ray spectroscopy diagnostic methods and its applications for measurements of ditierer 

plasma object parameters (laser-produced plasma, 2- and X- pinches, plasma focus) 

D. creation of database on spectra of atoms and ions (database "SPECTR") 
C 

The database "SPECTI<": 

The database SPECTR @B "SPECTR" ), on the one hand, is a great number df  data 

characteristics of atoms and ions, and, on the other hand, is the software allowed to tilid fast 

information needed, to browse it on the screen and to make its ha1 d copy. 

The information stored in DB SPECTR may be divided on the two parts. The first pal!  (and I 

the greatest one) is the data on properties of isolated atoms and ions, that is, the data on energy le 

structure, wavelengths of radiative transitions and its probabll~ties. The second part is t l  e data 

characteristics of collision processes. The main difference betwecsn these two parts is the follow~r~g ' 

first part deals with the set of constants, while the second one --  with the set of filnctions TI1 ~t IS, if 

any radiative transition its wavelength, radiative probab~lity, energies of upper and lower le\els ale 

some numerical quantities, then its collisional characteristics arc. the functions of tlie collld~ lg part 

relative velocity. This difference causes the some difference in sotrware used to operate with tll;se dat, 

different types. 

# 

Tlie D B "SPECTR" sofhvare: 

'The database "SPECTR sofiware is based on FoxPro Dati~base Management System ?"le 

information is stored in well-known DBF-format and can be transferred easily into another forn!;!~s 



Tlie DB "SPECTR" duiu: 
C 

Tbe quantitative characteristics ( 4 May 1997): 
C 

Data on spectral Lines 397 885 records 

Data on energy levels 75 100 records 

Data on ionization potentials 2 292 records 

Data on excitation cross sections and rates 4 932 records 

Data on ionization cross sections and rates 145 records 

Data on dielectronic recombination rates 276 records 

Data on references 504 records 

The total number of records 481 134 - 
The qualitative characteristics: 

1). Now DB "SPECTR" is really database on characteristics of isolated atoms and ions, i.e on spectr: 

lines (wavelengths and radiative probabilities) and energy levels. 'The small number of collisionnl data iver 

inputted practically only for to test software developed. 

2). Because of  MISDC research team works in the field of X-ray spectroscopy, the main part of d a ~  

(about 75%) refers to  the rnulticharged ions. 

3). Data sources: 

1. Published experimental data. For X-ray region database contains practically nl l  publishc- 

experimental data, for UV and visible regions - only some data. 

2. Own experimental data for multicharged ions. This research groull producc 

experimental data on X-ray spectra of rnulticharged ions during more than 20 years. Fc 

example only during last 5 years they have produced new accurate data o n  s:itellite liz 
caused by radiative transitions in He-, Li-, Be-, B-, C-, N-, 0-, F-, Na-, Me- like ion 

C * 

o n t r a n s i t i o n s  in - He- and Ne-like ions Producing this kind of information is ti - 
main field of scientific interest of MISDC group. For this purpose they cl.t.ate a no  

types of X-ray high-resolution spectrograpll~; (with a spherically bent crystals, t' 

example) and develop the new methods allowed to improve the accuracy of waveleng 

measurements. 

3. Theoretical data, both published (not all, of course) and calculated especi:illy for T: 

"SPECTR" in some Russian (or Soviet) instilutes: Institute of' Physics of' Lithuani 

Academy of Science, Voronezh State University, Uzgorod State University. Data i 

ions with small number of electrons were calculated by V.Pal'chikov (VNIII-TRI) i v  



the help of relativistic perturbation theory taking into account quant 

electrodynamics corrections. 

The DB "SPECTR" per/brmance: 

The search operations are executed fast enough, some examples are presented in this table:  

Database SPECTR 
( 4 May 1997) 

The total number of records 
Pentium-133, 16 MB RAM 

Tile DB "SPECTR" applications: 

Now DB "SPECTR" is used in: 

1. Arzamas- 16 (Russia) 

2. C helyabinsk-70 (Russia) 

3. Livennore Lawrence National Laboratory (Livermore, USA I 

4. University of Central Florida (Orlando, USA) 

5.  Max Plank Institute (Jena University, Gernlany) 

6 .  Max Born Institute (Berlin, Germany) 

7 Institute of Applied Physics and Computational Matliematics iBeijing, China) ' 
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rnetbd  mpusd tc St& ndth and s h i n  erpaimend ktl 
for > ~litlm Boa. Tbe r a d ~  in pumthesa are o&aW tv a. i 
clrtSlq tht 2 p  'D-w 'D liac -;hick d i d b i t (  r ~ron( -. 
phined merrnoc ktweta dm md the u . k g ' ~ t e d  rhift (spa. 
ly f~ dm d dm).  I -- . I 

\ AU experhenu Experharts with 1 
ioc~udd C and D a a w a q  

- 
1 

paimeotd problemk Toti &iultainties (in electma den- 
sity d Stark width or shift meuwancnts) ue subdivid- 
ed into iour Ages coded by k t t a s . k 9   be k t m  
&present the following uncerlainiicr: A,  within 15%; B, 



T a b l e  I  

The l i s t  of  s p e c t r a l  l i n e s  o f  Be lg rade  program f o r  s o l a r  

a c t i v l t y  m o n i t o r i n g  

No Element A(  n r )  W(P) ~ p ( e v ]  g S p o t  M u l t l p l e t  

1 NgI 5 1 8 . 3 6  3 0 3 . 0  2 . 7 2  - S 3 a ~ 0 - 4 ' ~  

2 NIX 5 1 9 . 7 2  4 .8  3 . 9 0  - . u  

3  F e I I  519 .76  1 5 . 4  3 . 2 3  0 . 7 0 0  w a 4 ~ - z 4 F 0  
- J 0 

4  F e I  519.79  7 . 1  4 . 2 0  u y F - f 3 p  
5  P e l  5X9.87 1 9 . 7  2 . 3 0  - s a 8 ~ - y " ~ o  

6 C r I I  523.73 9 . 4  4  - 0 7  - V 

7  S c I I  5 2 3 . 9 8  1 0 . 5  1 . 4 5  - w 

8  PeI  525.02 1 1 . 6  0.12 3  I s a " ~ - z 7 ~ 0  

9 CaI 5 2 6 . 1 7  2 0 . 0  2 . 5 2  - s 3 a ~ - 3 d 4 p a ~ 0  

1 0  F e I  5 2 7 . 3 2  1 9 . 5  3 .29  - s 
11 F e I  5 2 7 . 3 4  1 9 . 8  2 . 4 8  - u ~ ' P - ~ ~ D O  

1 2  C r I  5 2 9 . 6 7  1 7 . 7  0 . 9 8  - S 

1 3  C r I  5 2 9 . 7 4  1 6 . 4  2 . 9 0  - 5 

1 4  c r f  529 .80  1 5 . 7  2 . 9 0  - S 

1 5  CrI 5 2 9 . 8 3  2 0 . 8  0 . 9 8  - S 

1 6  C r I I  5 3 0 . 5 9  4 . 7  3 . 8 3  - w 

1 7  F e I  5 3 0 . 7 4  1 6 . 6  1 . 6 1  - S  a3F-z8F0  

1 8  T l I I  5 3 3 . 6 8  1 2 . 9  1 . 5 8  1 . 0 7 1  w 

19 MnI 5 3 9 . 4 7  7 . 3  0 . 0  - S 

20  F e I  5 3 9 . 8 3  1 4 . 1  4 . 4 4  0 . 3 3 3  s z 3 ~ O - f J ~  

2 1  F e I I  5 4 2 . 5 3  8 . 8  3 . 2 0  - w ~*c-z .F 

22 HnI 5 4 3 . 2 5  8 . 5  b .  0  - S 

23 FeI  5 4 3 . 4 5  3 4 . 0  1 . 0 1  0 . 0  S a 3 ~ - z J ~ 0  

24 F e I  550.68 2 3 . 0  0.99 2 . 0  S a3f-Z'D 

2 5  S c I I  552.68 1 3 . 8  1 . 7 7  1 . 0  u  

2 6  F e I  5 5 7 . 6 1  2 1 . 9  3 . 4 3  0 . 0  u Z ~ F ~ - ~ ' D  

27 CaI 5 5 8 . 2 0  1 6 . 7  2 . 5 2  1 . 5  S 3 ' ~ - 3 d 4 ~ = ~ O  

28 CaI 5 6 0 . 1 3  1 7 . 8  2 . 5 2  - S 3 = D - 3 d 4 p a ~ 0  

29 NaI 5 6 8 . 2 6  1 8 . 5  2 . 1 0  1 . 0 6 7  s 3 ' e 0 - 4 ' ~  

30 NaX 5 6 8 . 8 2  2 2 . 3  2 . 1 0  - S 3 ' P 0 - 4 ' ~  

S - The l i n e  Is g r e a t l y  s t r e n g t h e n e d  i n  t h e  s p o t  s p e c t r u m  
- - - - - - - . - . - . - -. 

s - The  l l n e  1s s t r e n g t h e n e d  In t h e  s p o t  s p e c t r u m  

u - The l l n e  Is unchanged I n  I n t e n s l t y  I n  t h e  s p o t  s p e c t r u m  

w - The l l n e  1s weakened I n  t h e  s p o t  s p e c t r u m  
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T&e3 Lmc denthuuoa &st for the prognmme sun These 
b mere a h t d M  t~ d s t u s  d" wt ~ n d ~ t c d  other- 
wtsc (tbdr r -PG1fc 4% bFGIS20+525, c=PGl424+535, 
d=ffi1107+ln) b u b f t d  dcatdbtmas m u k d  by alocu 
R a b r b d k ~ ~ f r c w ~ w # r d m t e r r r t  nhtch 
uy bumr, ma nkYrvaA ur backad Lmes m n n g  In un- 

, 

. 

1 
1 
I 

I 

I 

• 

tran- 
sltlon 

M 4 p  
J ~ s  
5p7d 
5f-7getc 
5p7s 
4d-7f 
4d-7p 
6d-10p 
4s-6p 
b-2p 
4d-6f 
4f-6g 
bf-9g 
6g-9hetc 
Sf-7g etc 
6d-7f 
6g-7httc 
3 s - 3 ~ 1 , ~  
5s-6p 
2-6 
bs-8p 
4-10 
5ptd 
7f-6g etc 
bp8d 
3s-3pl 
kj 6f 
5gdh 
Cid-Elf 
6g-8h 
Cih4g 
3 4  
9-1 2 trough 
66-8p 
M b p  
4-8 
6f-7g etc 
7p8d 
lf-8g 
7 p l W  
7 10 trough 
3s-3pl 
8 13 trough 
1218 
2-3 

ion 

CLV 
C ~ U  
Ovr 
Ovi 
Ow 
C N  
C n  
O n  
Cw 
Crv 
Crv 
Crv 
O V I  
6 v r  
N v 
OVI 
0 v r  
0 VI 
C N 
HI  
C N  
He11 
CIV 
N v 
Civ 
N v 

C N 
C rv 
Crv 
CIV 
Crv 
He11 
0 VI 

C i v  
C 
He11 
N v 
0 n 
0 t r  

Crv 
C IV  

C IQ 

C rv 
OVI 
HI 

wave- 
lengrh 

11986' 
1 X W  
1261 P 
129193 
I 3 0 1 8 .  
13512 
13585. 
(1413 7) 
14403' 
1549 1 
(1657 6) 
16401' 
16409' 
16412' 
(1860 4) 
34Z3Z"b 
3 4 3 3  9"6 
3811 3* 
3934 7& 
(4101 7) 
4219 2 
43387" 
4 4 4 7  
(4519 8) 
45541 
(WOO) 
4646 8 
4658 9 
4677% 
4685 2' 
46855' 
46857 
(4687 7)  
4736 2 
47062 
4859 3 
(4945 3) 
(5083 5)  
5288 7" 
53569 
5478 7 
5801 S* 
(5864 6) 
(6560) 
(6562%) 

wave 
w 

1168w 
1210.e 
12401a 
15895)' 
13025' 
1315.7 
13530 
1371 -ld 
1423' 
(I545 3) 
15859 
(16386) 
16404' 
1641 1' 
1653 9 
33124* 
34326" 
3689 7* 
3 8 3 4 r  
(4100 1) 
(41998) 
42313 
(4mS) 
4493 7" 
45429 
(4603 1) 
(4632) 
4 6 5 7 1  
46648 
46847' 
46854' 
4685 6' 
46880 
(4691 2) 
(4T732) 
47892 
(48613) 
50172 ' 
5 2 4 9 p  
5290e 
5411 5 
(55190) 
15812e 
(6560) 
6 M - r  
65899 

um 

C n  
CW 
N u  
O w  
O n  
C n  
C n  
Ov 
O n  
O W  
CW 
O n  
Herr 
CN 
Civ 
O n  
0 n 
C N 
O W  

. He11 
H e n  
C n  
HI 
O n  
He11 
NV 
Orv 
Crv 
CN 
C N  
Crv 
C n  
C n  
C N 
0 n 
C n  
H I  
C n  
O n  
Owl 
Herr 
C n  
Crv 

Fn 
Hen 
Cn. 

rcrohadWuerurtadbyrrtmskr 

tran- 
satlon 

)61C 

&-?Q 
2s-Tp 
W7f 
M-lp 
4p-7d 
4f-Ig 
2plP"-2p"D 
63-1Ofetc 
6s-')p 
4p6d 
6d-9f 
2-3 
4f& 
4p6s 
6p7d 
6f- 7g 
6f-9g etc 
3s-3plJ2 

.-4-12 
4-11 
7-12 
2-5 
8-10 rrough 
4-9 
~ S - ~ P ] / I  

multlpkt 19 
5 f b g  
5 f d  
6f-8g 
6h-81 
6g-8f 
6f-Bd 
7-1 1 trough 
7s-8p 
6p8s 
2.4 
5gbs 
7J8f 
7g8hetc 
4-7 
7p1h 
h-3p 
6-12 
46 
6-7p 





I .  The number of spectral lines or varlous ar.orn~~ 
species t a k e n  i n t o  account f o r  opacity calcul ;  
tions for c l a e s i c ~  1 cepheLd mode is, by I g l t s  L *  
Rogers and Wilson C 81 . 
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Element Number of epectral 




