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Foreword

The International Bulletin on Atomic and Molecular Data for Fusion is prepared by the
Atomic and Molecular Data Unit, International Atomic Energy Agency (IAEA), and pub-
lished and distributed free of charge by the IAEA to assist in the development of fusion research
and technology.

The references and indices included in the Bulletin are provided by atomic data centres at the
following institutions:

Oak Ridge National Laboratory, Oak Ridge, USA,

National Institute for Standards and Technology, Gaithersburg, USA,
Kurchatov Institute, Moscow, Russian Federation,

National Institute for Fusion Science, Toki-shi, Japan,

Universite de Paris XI, Paris-Sud, Orsay, France,

Nuclear Data Section, IAEA, Vienna, Austria.

Information in this Bulletin is presented in four parts. The Atomic and Molecular Data Infor-
mation System (AMDIS) of the International Atomic Energy Agency is presented in Part 1. The
indexed papers are listed separately for structure and spectra, atomic and molecular collisions, and
surface interactions in Part 2. The structure and spectra index lines are grouped by process. The
first column gives the reactants, the second one the process and then the character of the data con-
tained (Th for theoretical, Ex for experimental, and E/T for both experimental and theoretical).
The number in the last column is the reference number in Part 3 of the Bulletin. The atomic and
molecular index lines are grouped by one collision partner (photon, electron or heavy particle). The
first column gives the reactants, the second column gives the process, the third column gives the
energy range with the appropriate units, and the last two columns are the same as in the structure
and spectra index lines. The particle-surface interactions index lines are grouped by process. The
first column gives the reactants, the second the energy range with the appropriate units, and the
last two columns are the same as in the previous cases. Part 3 contains all the bibliographic data
for both the indexed and non-indexed references. Those references which are indexed in Part 1
are identified by the repeated index lines. The Author Index (Part 4) refers to the bibliographic
references contained in Part 3.

Contributions are solicited on data generation work in progress and on new data in the course of
publication. Contributions should include an explanation of their applicability to fusion research
and should be sent to:

Atomic and Molecular Data Unit
Nuclear Data Section, NAPC Division
International Atomic Energy Agency
Vienna International Centre

P.O. Box 100

A-1400 Vienna, Austria

e-mail: H.Chung@Qiaea.org
WWW access: http://www-amdis.iaea.org/



All data published in the Bulletin are included in AMBDAS, the TAEA Atomic and Molec-
ular Data Unit bibliographic database. AMBDAS is freely available on line at http://www-
amdis.iaca.org/ AMBDAS.

Vienna, December 2009 The Editors
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News on the Atomic and Molecular Data Unit

This edition of the Bulletin contains a large amount of data due to the recovery of missing data
from the year 1953 by the Data Centres at the Oak Ridge National Laboratory (ORNL) and the
National Institute of Standards and Technology (NIST).

The A+M Data Unit organized a joint ICTP-IAEA workshop on atomic and molecular data for
fusion on 20-30 April, 2009 at the ICTP facility in Trieste, Italy. The purpose of the workshop is
to train potential new researchers in fusion energy in the basics of atomic, molecular and plasma-
material interaction data. Additional information may be found on the ICTP web site at:

http://www-amdis.iaea.org/ICTP2009/

Co-ordinated Reasearch Projects (CRP) are the main tool by which the Atomic and Molecular
Data Unit (AMD Unit) collects and evaluates data for the establishment of recommended nu-
merical databases for use in fusion energy research. The AMD unit operates three to four CRPs
simultaneously. A CRP is a three to five-year joint project involving approximately 12 laborato-
ries, research teams or institutions, performing coordinated research to achieve a well defined goal
(establishment of a particular database, data generation, compilation and assessment for specific
types of A4+M collision processes, or classes of such processes, etc.). The CRP on “Atomic data for
heavy element impurities” held a final RCM on 4-6 March 2009. The CRP on “Data for surface
composition dynamics relevant to erosion processes” held a second RCM on 11-13 March 2009.
The CRP on “Light Element Atom, Molecule and Radical Behaviour in the Divertor and Edge
Plasma Regions” held a first RCM on 18-20 November 2009. The CRP on “Characterization of
Size, Composition and Origins of Dust in Fusion Devices” will hold a second RCM in the summer
of 2010. More information on the CRPs are available in previous editions of the Bulletin and on
the A+M Data Unit web site.

http://www-amdis.iaea.org/CRP/

The 19th meeting of the Data Centre Network on Technical Aspects of Atomic and Molecular Data
Processing and Exchange was held on 7-9 September 2009. The A+M/PMI Data Centre Network
(DCN) includes about 15 national data centres for collection, critical assessment (evaluation) and
partly for generation of atomic and molecular (A+M), particle surface interaction (PSI) and bulk
material properties (plasma-material interaction - PMI) data for fusion and other applications.
More information on the DCN activities is available on the A+M Data Unit web site.

http://www-amdis.iaea.org/DCN/

The first version (v.0.1) of “XML Schema for Atoms, Molecules and Solids” (XSAMS) has been
released on 22 September 2009 after an XSAMS Steering Committee Meeting on 10-11 September
2009. The goal of the XSAMS project is to develop a new XML-based standard for exchange
of atomic, molecular and particle-solid(surface)-interaction (AM/PSI) data. This approach allows
one to describe both the static properties of the AM/PSI constituents and interactions among them
in a consistent and well-structured way. This work is supported by the IAEA in collaboration with
the following institutions: NIST, ORNL and Observatoire Paris-Meudon, and progress has been

iii



reported during ICAMDATA meetings. More information is posted on the TAEA A+M Data Unit
web site.

http://www-amdis.iaea.org/ XML/

The Unit personnel changed in the fall of 2009. R. E. H. Clark retired from IAEA in July and was
replaced by B. J. Braams. D. P. Humbert left in August and was replaced by H. K. Chung.
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Chapter 1

The Atomic and Molecular Data
Information System

AMDIS is the Atomic and Molecular Data Information System of the International Atomic En-
ergy Agency, established and maintained by the Atomic and Molecular Data Unit, Nuclear Data
Section. AMDIS contains two main parts: AMBDAS, a bibliographic database for atomic and
molecular data for fusion research; ALADDIN, a numerical database of recommended and evalu-
ated atomic, molecular and plasma-surface interaction data.

AMBDAS, Atomic and Molecular Bibliographic Data System, is an on-line bibliographic database
http://www-amdis.iaea.org/AMBDAS that contains more than 45,000 bibliographic entries
with atomic, molecular and plasma-surface interaction data of interest to fusion research, and
dating back to 1950. Entries may be retrieved by author, process, reactants, type of reference,
year of publication and data source (theoretical or experimental). The interface is a web-based
application, easy to use with no required registration. AMBDAS data are regularly published in
the International Bulletin on Atomic and Molecular Data for Fusion.

ALADDIN is the online numerical database of the Atomic and Molecular Data Unit of the TAEA
http://www-amdis.iaea.org/ALADDIN, providing atomic, molecular and plasma-material
interaction data of interest to fusion research. ALADDIN provides two similar interfaces, one for
collisional data and one for particle surface interactions. An ALADDIN entry consists of searchable
labels that characterize the process and reactants; the source of the data, date, laboratory or data
centre, and reference; comment lines and the numerical data. When possible all requested data
are displayed in the same units to permit easy comparison. A unit conversion tool is available and
all results can be displayed in tabular and graphical mode.






Chapter 2

Process Index

2.1 Structure and Spectra
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Mg11+

Mg
Al*

A19+
A111+ __12+

A10+ 94+
A10+ __12+4

Alt--2+
Al

A111+
A111+ __12+
A111+

Al~

A110+ 12+
Al

Al~

Al

A12+

A19+

Al7+

Si

Si0+ 12+
Si5+ __11+
Si12+
2SSi12+
Si12+

Si

Si

Si9+

Si12+
Si11+ __13+

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

10

Exp

Th
Th
Th
Th
Th
Th
Exp
E/T
E/T

Exp

E/T

Exp

E/T

220
223
227
247
272
287
344
386
436
453
454
455
520
534
549
563
564
064
566
586
588
615
617
620
622
639
671
681
97

219
287
409
409
436
494
519
519
538
044
958
563
565
566
569
620
694
31

34

35

40

45

45

75

118
146
146
166



Si12+
Si12+
Si2+
Sis+
Si
Si2+

Si2+
Si0+ —_10+

Si0+,,12+
Si

Sit

Si3+

Si

Sitt

Si

Si
Si12+,,13+
Si~

Si11+
Si12+”13+

Si~

Si
Si2+773+
Si9+
Si12+
Si10+
SilZ+

Si2+
Si7+

Si

P3+

Pot+
P14+

P-

P-

P11+
S8+,,12+
SlQ+
SlO+ 144
SO+-—-14+

S

S
Sl4+

812+
SS+”12+

S

S

S+

S-

32S

S
SG-"—*JSJ"
S—

S

SOJF*’JF

S
SG+

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

11

Exp

E/T
Th
Exp

E/T

Exp

Exp

239
287
290
350
351
376
389
408
408
413
436
436
444
466
514
534
538
044
553
558
565
566
569
o84
614
620
626
648
652
691
389
500
538
044
565
620

15
34
37
38
41
592
93
128
161
173
188
188
188
192
206
206
227
229
234



SIZ+ __14+
SS+779+
S8+

S7+ 13+
S-Cl
SlQ+
Sl4+

S-

S-

S

S

SIQ+
Cll4+
Cle+
Cll4+ 154
019—0—
CIt

CIt
Cl4+

Cl

Cl

Cl

Cl

Cll6+
Cl~
Cll3+
Ardt
Ardt
Ar0+ __16+
Ar

Art

Ar

Ar

Ar
AI‘10+
AI’13+
AI'11+
Ar
AI‘0+”+
Ar

Ar?t

Ar

Art

Ar

Ar

Ar

Ar

Ar
Ar-Ca~
Ar15+,,16+
Ar

Artt
AI.15+
Ar

Ar9+ __15+
Ar17+
Ar14+

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

12

Exp
E/T
Th
E/T
Th
Th
Exp
Th
E/T
Exp
Th
Th
Th
Th
Exp

E/T

E/T
Exp
E/T
Exp
Exp
Th
Exp
E/T
Th
Th
Th

237
285
303
323
444
523
938
044
565
566
594
620
o4

279
287
304
310
321
325
357
375
487
504
938
544
620

11

34

58

58

64

73

99

105
105
111
112
121
125
126
129
129
151
176
178
185
196
228
287
288
292
297
318
319
345
371



Ar
Ar
AI‘16+
Ar
Art
Ar15+
Ar16+
Ar
Artt
AI.14+
Ar
Ar
Ar
Ar14+
Ar
Art
Ar
Ar
Ar
Ar
AI.16+

Ar15+
Ar9+ 16+

AI.7+ 17+
Apf+-—-7+

Ar™t

K

39K

K

K-

K

K
K17+--18+
K

K
K-Cu~
K-Br™
K

K15+
Ca10+
Cal+--18+
Ca~
Cald+--14+
Ca-Mnt
Ca0+”+
Ca

Ca

Ca

Ca
Ca0+”+
Ca16+
Sc™
Sc-Ni

Sc

Sc

Sct
SC17+

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

13

E/T

Exp

E/T
Exp

380
432
434
443
443
491
491
499
500
523
532
541
950
556
571
573
978
979
593
594
619
653
657
673
682
682
84

143
143
197
288
480
538
957
563
565
565
566
620
12

34

59

105
157
227
288
455
549
563
566
620
227
329
563
566
991
620



Ti12+
Ti3+
Ti3+
Ti15+
Ti3+
Ti17+

Ti-Nio+ -+
Ti2t--3+

Ti3+
Ti3+

Ti15+
Ti-Cu
Ti

Ti18+
Ti20+
Ti3+
Ti3+

Cr

Crt

Cr

Cr

Cr-Zn

Cr

Crt

Crt
Mn22+
Mnt
Mn22+
Mnl6+--23+
Mnt

Mn

Mn
Mnb+--24+
Mn

Fe8+
Fed+--12+
Fel6+
Fe3+

Fe9+
Fel3+

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

14

E/T

Exp

E/T
Exp
Exp
Exp

Th
E/T
Th

12

17

98

111
186
211
227
335
339
402
405
436
483
512
512
566
620
626
627
630
631
512
934
540
566
27

27

50

116
210
245
287
368
412
422
436
481
512
563
566
591
696
86

248
391
394
436
481
512
931
566

20
21
26
28



FeZlJr
Fe20+
Fe22+

Fe5+

FelEH-
Fe11+,,12+

Fe16+
Fel+--15+
Fe't
Fe17+
Feld+
F622+
Fe23+
Fel7+

Fe?t
Fe7+ -9+

Fel4+,,23+

Fe14+
FelO+
F916+
Fel6+
Fe20+
Fe13+
Feft--24+
F616+
Fe18+
Fe25+
Fe6'+

Fe9+
Fe13+
Fe11+
Fe3+

Fe?t

Fe*
Fe21+
F920+
Fe10+
Fe22+
FelS+
Fe5+

Fe3t
Fe23+
Fe18+
Fe5+,,14+
Fe15+

Fe

Fe™

Fet
Fe18+
Felb+--24+
Fe23+
Fel5+

Fe

Fe
Fel7+--23+
Fe5+

Fe

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

15

Exp

Exp

39

61

88

96

104
105
105
146
158
160
162
193
195
226
227
246
252
255
259
269
278
287
292
305
316
342
347
348
349
355
356
358
359
360
361
377
379
392
398
401
403
410
416
423
424
425
435
436
442
448
461
465
481
492
497
498
512



Fe

Fe

Fe
Fe®t
Fet
Fel4+
Fe2+
Felb+-—-24+
Fe13+
Fe15+
FeQ4+
Fe24+
Fe2+
Fe22+
Fe16+
Fet
Fe4+
Fe7+
Fel3+
Fe14+
Fe

Fe
Co
Ni24+
Ni25+
Ni18+,,26+
Nilo+
Ni14+
Ni18+ 194
Ni24+
Ni10+
Nil7+
Ni11+
Ni16+
Ni24+
Ni25+
Ni26+
Nj18+--26+
Ni10+
Ni19+
Ni10+
Nit
Ni24+
Ni25+
Ni
Ni~™
Ni
Ni24+
Ni24+
Ni2+
Cu9+
Cu
Cult+--2+
Cu
Cu
Cu
Cu

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

16

Exp
Th
Th
Th
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th

Th
Th
Th
E/T

Th
Th
Th
E/T
Exp
Exp

Th
Exp
E/T

933
935
566
581
585
606
609
610
613
616
619
626
632
644
656
667
669
674
675
679
683
689
512
24

32

89

94

105
124
148
149
159
284
302
343
354
354
393
396
414
418
436
446
461
512
565
566
607
650
666

30

220
427
430
479
486



Cu19+

Kr32+
Kr

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

17

Exp

E/T
E/T
Th
Exp
E/T
Th
Th
Th
Th
Th
Th
Exp
Exp
E/T
Th
E/T

E/T

Exp
Th
Th
Th

512
558
582
604
635
689
148
220
227
436
451
455
483
566
619
220
228
235
430
563
565
592
614
626
40

495
500
548
563
565
693
565
40

495
500
558
565
614
693
500
504
13

13

13

13

13

13

18

79

95

119
120
125
129
129
148
155



Kr24+
Kr34+
Kr26+
Krot
Kr
Kr25+
Kr28+
Kr30+
Kr32+

KI‘31+
Kp32+--34+

Kr27+ 32+

Kr26+

Kr

Kr31+
KI‘25+ 274
Kr

Kr

Kr

Kr

Kr

Kr

Kr34+
Kr5+
Krét

Krl 1+ __18+
Kr22+
Rb

85Rb

Rb

Rb~
Rb0+ 3+
Rb~

Rb

Rb

Rb

Rb~
Rb35+

Sr_NbO+ 44+

Sr-Zr+t
Sr~

Sr

Sr

Sr

Sr
Sr25+

Y37+
Y
Y-Pd~
Y26+
Zr36+

Zr’*
ZI'30+

ZI.30+
Zr-Ag
Zr

Zr

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill
prob., Oscill
prob., Oscill
prob., Oscill
prob., Oscill
prob., Oscill

. Strengths
. Strengths
. Strengths
. Strengths
. Strengths
. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

18

Th
Th
Th
E/T

Exp

E/T
Th
Th
Th
Exp

E/T

E/T

Exp
Th
Th
Th
Exp

163
164
165
174
178
221
222
224
225
253
283
369
400
432
445
491
493
508
513
550
554
593
614
642
659
660
660
84

143
143
197
220
228
480
557
563
565
626
220
227
228
455
520
549
963
693
40

563
565
693
148
189
491
495
512
512
542



Zr

Zr

Zr38+

ZI‘38+

ZI.27+

Nb

Nb30+ 32+
Nb

Nb13+

Nb

Nb11+
M040+
Mo32+--40+
M029+
Mo39+
Mo30+
M040+
M032+
M00+ —_3+
M031+
M034+
Mo36+
M038+
M037+
Mo33+
Mo™*

Mo
Mo32+--40+
Mo31+--33+

Mo
M05+
M040+
M040+
M012+
Tc

Tc
Ru42+
Ru-Ag0+--2+
Ru
Ru42+
Rh41+
Rh35+
Rh
Rh43+
Pd

Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

19

Exp

E/T

566
590
614
619
693
68

491
512
537
555
636
40

48

119
120
163
164
165
220
221
222
224
225
253
254
311
329
366
491
512
568
614
626
636
220
512
40

220
512
614
148
495
512
626
512
486
495
512
563
565
635
220
221
227
329
455
563



Cd46+
In—SbOJ“*‘H
In-Pr—

In
In
Sn46+

Sn

Sn46+

Sn

Sn~

Sn3+
Sn48+
Sn48+
Sn48+
Sb41+

Sb~

Te

Te™

Te2+

Te™

Te50+
IO+**4+

16+

IG+
Xe39+”43+
Xe3t
Xe45+
Xe51+
Xe42+

Xe
Xe45+,,51+
Xe41+
XeBlJr

Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

20

Th

Exp
E/T
Exp
E/T
Th

Exp
Th

Exp
E/T

Th
Th
Th
Th
E/T

Exp
Th
E/T
Th
Th
Th
Th
E/T

Exp

Exp

614
220
228
563
565
148
329
956
563
565
569
614
619
626
495
565
220
220
500
565
614
220
449
611
49

51

o7

o7

61

113
117
119
120
125
129
129
139
139
148
163
164
165
177
178
191
196
199
200
216
220
221
222
224
225
244
253
254



X62+’*3+

Xe10+
Xe7+
Xe39+7,43+
XeS+
Xe44+
Xe26+
Xe10+
Xe
Xe?t
X et -8+
Xe7+
Xe44+
Xe
Xe
Xe
Xe26+
Xe
Xe8+
Xe
XeS+
Xe
Xe7+
Xe
Xe52+
Xe52+
Xe52+
XelSJr
Xe31+7732+
Xe6+
133CS
Cs
Cs™
CS8+
Cs

Cs

Cs

Cs
Cs™
Cs
CSS+

Ba-Pr0t—4+

Ba-Cet
Ba

Ba

Ba

Ba

Ba
Ba3lt--34+
La-Nd
La47+
La~
Ce29+
Prt--2+
Nd56+
Nd32+

Nd-Sm"+--+

Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

21

E/T

Exp

Exp

Exp
Th

Th
E/T
Th
Th
Th
Th

307
337
340
367
372
373
415
421
432
433
433
449
495
508
541
562
592
993
595
599
600
603
611
612
614
619
626
660
660
663
143
143
197
449
480
557
562
563
565
566
611
220
227
290
455
549
562
563
660
329
495
565
295

148
201
220



Nd+
Nd57+ __58+

Nd57+ —_584

Nd50+
Nd32+
Nd

Nd
Nd58+
Sm
Sm34+
Sm
Sm22+
Eu59+
Eult--2+
Eu-Ybt
Eu53+

Eu

Eu
Eu61+
Gd_Tb0+773+
Gd-Tm
Gd36+
Dy-HoO+”+
Dy38+
H039+

Er-Tm°+--2+
Er65+--66+

Er65+ 66+

Er21+
Er21+
Tm-Lu~
Yb66+

Yb0+**3+
Yb67+ __68+

Yb67+ __68+

Yb24+
Yb23+
Yoo+
Yb42+
Yb
Yb23+
Yhos+
Luf%+
HE-Tal+ 4+
Hf-Pt~
Hf-Pt
Hf-Au
Hf
Hf44+
Hf-Au~
Hf32+
Tat
TaO+77+
Ta?t+

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
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Th
Th
Th
E/T

Exp
Th

Exp
E/T

Th
Th
Exp
Exp
Th

Exp
Th

Exp
Exp
E/T
Exp
E/T
E/T

Th
Th
Th
Th
E/T
Th
Exp
Th
Th
Th
Th
Exp
E/T

Th
Th
Th

Th
Th
Th
Th
E/T
E/T
Th
Th
Exp
E/T

Exp
Th

227
266
300
495
516
562
970
619
329
516
562
668
148
220
227
495
562
963
626
220
329
516
220
516
516
220
266
300
449
611
228
148
220
266
300
374
449
451
516
963
611
619
626
220
437
437
512
512
516
565
668

271
407
452
476
512



Ta45+

Ta

Ta™t

W70+
W-Pt0t -+
W46+
W13+
W45+
W27+ —_29+
W39+
W40+ __45+
W40+ __50+
W46+
W33+ 37+
W64+
W2+
W13+

W+

W39+ __44+
W42+ __46+
W46+ 47+
W45+ —-50+
W60+ __644
W2+ 6+
W2+-—-7+
W2+7773+
W27+ __49+

W50+
W52+
W o4+ —-62+
W54+ __644

W63+
W64+
W72+
W73+
W27+

W2+
W13+7767+

W14+ _-35+
W27+ __35+
W39+
W39+ __48+4
W40+ __48+
W57+ 674
W35+ __37+
W45+ —-50+
W

W

W

W2+
W27+
W62+
W30+ __364+
W42+
Re-Au~
Re

Re

Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

23

E/T
Exp
E/T
Th
Exp
Exp
E/T
Th
E/T
E/T
E/T
E/T
E/T
Th
Th
E/T
Th
E/T
Th
Th
Th

Exp
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

E/T

E/T

516
975
587
148
220
236
264
295
331
331
331
334
334
353
373
382
384
395
420
420
420
431
431
447
447
447
447
447
447
447
447
447
447
447
447
449
478
485
489
489
489
489
489
489
490
490
502
512
570
608
611
628
668
668
228
512
LY



Os
Os
Os
II’16+

Ir

Ir75+

Pt

Pt~

Au53+ __69-+
Au59+
Au65+
Au68+
Au69+

Au~

Au56+ __58+

Au-Hg0+--2+

Au18+
Au75+
197Au76+
Au76+
Au50+
Au70+ __78+
Au
Au2+
Au™t
Au67+ __68+
Au
Au2+”4+
Au
Au
Au
Au69+
Au
Au51+
198 g
198

Hg™
Hg77+ __T8+
Hg77+ __T78+

Hg34+

T1~

Pb-Bi’t -4+

Pb21+
Pb78+
208Pb79+
Pb79+
Pb

Pb
Pb39+

Pb41+
Pb42+,,44+

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

24

Th

Exp
E/T
Th

Th

Th

E/T
E/T
E/T
E/T
E/T
E/T
Exp
Exp
Exp
E/T

Exp

E/T

E/T
Th
Exp
Exp
Th

Th
Th
Th

512
970
LYE)
264
512
626
512
565
71

71

71

71

71

72

147
220
264
273
276
276
295
364
378
381
419
456
462
464
510
512
551
561
563
646
220
220
266
300
374
455
563
619
220
228
963
565
565
220
264
273
276
276
500
563
668
668
668



Ra~
AcO+—2+
Th(]+ __2+
Th86+
Th0+ 3+
Th44+
Th88+
Pa-U%*+-—-+
2351789+
US9+
U88+
U89+
U89+
U31+
U88+
238189+

U89+

U82+
U46+

U89+
U90+

U49+

U51+
U52+”54+

U60+

Np

Pu

Pu*

Fm?6+
Fm93+
Fm98+
Lr99+

D

D-

D

D-

D

T-

T

H Z= 1-100
H Z= 20-100
H Z= 1-109
H Z= 1-100

Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
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Th
Th
Th
E/T
Th
Th

Exp
E/T
Th

E/T

Exp

E/T
Exp

Th
E/T
Th
E/T
Th
Th
Th
Th

668
148
170
228
273
500
563
220
521
197
228
668
220
220
228
220
121
148
220
374
619
220
136
136
148
170
230
264
273
276
276
373
374
451
619
668
668
668
668
220
220
220
148
483
619
148
56

138
203
314
633
314
633
467
471
518
525



H Z= 10-95

H Z= 1-100
H Z= 1-100
H Z= 1-100
H Z= 1-10
H Z= 1-100
H Z= 1-100
H Z= 1-10
He Z= 16-29
He Z= 36-37
He Z= 48-54 step 2
He Z= 6-8
He Z= 2-10
He Z= 1-3
He Z= 2-6
He Z= 2-36
He Z= 2-30
He Z= 6-8
He Z= 6-30
He Z= 3-10
He Z= 62-66
He Z= 91-93
He Z= 62-66
He Z= 91-93
He Z= 1-4
He Z= 2-6
He Z= 3-8
He Z= 10-18 step 2
He Z= 14-54
He Z= 1-6
He Z= 2-18

He Z= 20-100
He Z= 20-109

He Z= 2-100
He Z= 2-5
He Z= 2-10
He Z= 16-18
He Z= 20-28
He Z= 2-5
He Z= 10-54
Li Z= 6-8

Li Z= 3-30
Li Z= 3-18
Li Z= 14-54
Li Z= 60-100
Li Z= 6-28
Li Z= 5-8

Li Z= 62-66
Li Z= 91-93
Li Z= 2-7

Li Z= 62-66
Li Z= 91-93
Li Z= 5-9

Li Z= 11-20
Li Z= 5-9

Li Z= 10-20

Li Z= 10-18 step 2

Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
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Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th

Th
Th
Th
Th
Th
Exp
Th

Th
Th

047
967
605
618
629
637
686
687
40

40

40

43

76

83

85

109
164
209
212
265
266
266
300
300
314
324
426
429
460
484
488
509
017
5924
526
545
614
614
643
695
43

120
132
140
170
230
263
266
266
296
300
300
322
328
330
404
429



Li Z= 10-90

Li Z= 3-100

Li Z= 11-20

Be Z= 6-8

Be Z= 5-10

Be Z= 6-92

Be Z= 10-54

Be Z= 10-26

Be Z= 79-80

Be Z= 16-22

Be Z= 4-18

Be Z= 20-30 step 2
Be Z= 4-12

Be Z= 4-10

Be Z= 4-23

Be Z= 3-10

Be Z= 6-92

Be Z= 4-28

Be Z= 10-18 step 2
Be Z= 4-24

Be Z= 4-12

Be Z= 4-10

Be Z= 4-9

Be Z= 6-9

Be Z= 6-17

Be Z= 11-17

Be Z= 19-22

Be Z= 5-30

B Z= 16-22

B Z= 5-19

B Z= 5-14

B Z= 5-18

B Z= 20-30 step 2
B Z= 10-12

B Z= 10-30

B Z= 10-18 step 2
B Z= 14-30

B Z= 14-30

B Z= 6-8

C Z= 6-10

C Z= 6-30

C Z= 6-15

C Z= 19-25

C Z= 6-23

C Z= 10-18 step 2
C Z= 6-11

C Z= 6-10

N Z= 7-13

N Z= 7-17

N Z= 10-18 step 2
N Z= 7-100

O Z= 8-30

O Z= 8-22

O Z= 8-20

O Z= 10-18 step 2
F Z= 9-22

F Z= 9-30

Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill.
Trans. prob., Oscill.
Trans. prob., Oscill.
Trans. prob., Oscill.
Trans. prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans. prob., Oscill. Strengths

Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

27

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th
E/T
Th
Th
E/T
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th

501
524
634
43

55

80

140
148
148
205
225
225
233
270
274
294
383
417
429
440
458
472
528
620
620
620
620
649
205
231
233
253
253
301
320
429
475
625
692
168
224
233
257
258
429
500
690
111
233
429
483
222
232
233
429
233
254



F Z= 10-18 step 2

F Z= 10-30

Ne Z= 20-26
Ne Z= 10-30
Ne Z= 50-54
Ne Z= 55-56
Ne Z= 26-38
Ne Z= 10-24
Ne Z= 11-18

Ne Z= 10-18 step 2

Ne Z= 32-63
Na Z= 11-16
Na Z= 50-54
Na Z= 55-56
Na Z= 11-30
Na Z= 11-31
Na Z= 72-74
Na Z= 28-29
Na Z= 12-36
Na Z= 11-14
Mg Z= 12-30
Mg Z= 50-54
Mg Z= 12-28
Mg Z= 12-16
Mg Z= 72-74
Al Z= 13-30

Al Z= 13-80

Al Z= 15-100

Al Z= 26-28
Al Z= 26-31
Al Z= 13-29
Al Z= 72-74
Al Z= 19-32
Al Z= 19-32
Si Z= 53-54
Si Z= 26-28
Si Z= 72-74
Si Z= 14-17
P Z= 26-28

S Z= 26-32

S Z= 26-28

Cl Z= 17-24
K Z= 22-54
K Z= 21-96
Ni Z= 47-92
Ni Z= 36-79
Ni Z= 62-64
Ni Z= 73-74

Ni Z= 74-84 step 2
Ni Z= 34-100

Ni Z= 47-92
Ni Z= 42-60
Cu Z= 29-33
Zn 7= 30-47
Zn Z= 70-92
Zn Z= 30-36
Ga Z= 36-92

Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths

28

Th
Th
E/T

Exp

Exp

Exp

E/T

E/T

E/T
Th
Th
Th

429
649
12

165
191
191
214
233
306
429
496
106
191
191
221
440
456
948
583
623
163
191
389
397
456
119
256
280
338
385
440
456
457
613
191
338
456
500
338
63

338
685
539
559
115
156
201
201
286
387
411
592
503
389
450
636
90



Rb Z= 37-47
Pd Z= 54-59
Pd Z= 50-63
Pd Z= 54-58
Ag Z= 48-54
Ag Z= 57-58
Ag Z= 50-100
Ag Z= 50-86
Cd Z= 48-59
Tm Z= 79-83
Lu Z= 78-79
Hg Z= 80-92

Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Trans. prob., Oscill. Strengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths
Energy Levels, Wavelengths

Trans.
Trans.
Trans.
Trans.
Trans.

prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.
prob., Oscill.

Strengths
Strengths
Strengths
Strengths
Strengths

2.2 Atomic and Molecular Collisions

2.2.1 Photon Collisions

hv + AI‘3
hy + Ar;g
hy 4+ N,O
hv —|— COQ
hv —|— COQ
hy + Ng
hy + 02
hy + CQH4
hy —I— CGHG
hy —|— HQ
hy + Hg
hr 4+ Cat
hr 4+ Tit
hy + V*
hy + Crt
hy + Mn™*
hy + Fe'
hr 4+ Cot
hy 4+ Nit
hrv 4+ Se™
hr 4+ He
hy + H2+
hy + H2+
hy + HQJr
hy + NO
hy —|— Hg
hr 4+ He
hy + K~
hry 4+ Na
hy + CO
hry + NO
hy + CO
hry + NO
hy + H>,O
hy 4+ DO
hy + H,O
hv —|— DQO
hry + Kr

Photodissociation
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photodissociation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photodetachment
Photoionization
Photodissociation
Photodissociation
Photoionization
Photoionization
Photodissociation
Photodissociation
Photoionization
Photoionization
Fluorescence

29

262 eV
262 eV
410—600 eV
800 nm
800 nm
800 nm
800 nm
800 nm
800 nm
71—76 nm
71—76 nm
30—80 eV
30—80 eV
30—80 eV
30—80 eV
30—80 eV
30—80 eV
30—80 eV
30—80 eV
30—80 eV

1.5—3 a.u.
1.5—3 a.u.
1.5-3 a.u.

412 eV

10** W/cm?
79.13—86.0 eV
21-24.5 eV
40—69 eV

800 nm

800 nm

800 nm

800 nm

15-50 eV
15—50 eV
15—50 eV
15—50 eV
27.8—29.45 eV

Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
E/T

Exp
Exp
E/T
Exp

Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th

E/T

601
374
651
661
289
289
449
602
389
670
662
389

698
698
699
700
700
701
701
701
701
702
702
703
703
703
703
703
703
703
703
703
704
705
705
705
706
707
708
709
710
711
711
711
711
712
712
712
712
713



hy + Kr
hy + H-
hry + He
hy + Kr
hy + Kr
hr + He
hry + He
hy + CH,4
hr + NH;
hv —|— CH4
hv + NH3
hy + A

hy + Xes
hy + Xex*
hry 4+ KrXe*
hy + Xe2
hy + Xeg*
hry + KrXe*
hry + He
hv + Liy™*
hy + Nag+
hy 4+ LiNat
hy + CgHG
hry + Kr
hy + H

hy + H*
hy + Yb
hy + CO
hy + NQ
hy —|— NQ
hr 4+ Mo
hy 4+ Ag
hy + Cd
hy + In
hy 4+ Sn
hry + Mo
hy 4+ Ag
hy + Cd
hy + In
hy 4+ Sn
hv + RbF
hrv + RbCl1
hr 4+ RbBr
hr 4+ RbI
hv + Mg
hv + Mg*
hry + Ba
hy + Ba*
hv + Mg
hy 4+ In™*
hr + HeHt
hry + NO
hv + Ne2
hy + N82
hy + H2+
hy + D2+
hy + Kr

Photoionization
Photodetachment
Photoionization
Photoexcitation
Photoionization
Photoexcitation
Photoionization
Fluorescence

Fluorescence
Photoexcitation
Photoexcitation
Photoexcitation
Fluorescence

Fluorescence

Fluorescence
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization

Total Absorption, Scattering
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photodissociation
Photoexcitation

Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Fluorescence

Fluorescence

Fluorescence

Fluorescence

Fluorescence
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization
Photodissociation
Photoionization
Photodissociation
Photodissociation
Photoionization

30

27.8—29.45 eV
0.75—1.1 eV
24—50 eV
90.8—92.9 eV
90.8—92.9 eV
78.85 eV
78.85 eV
287—406 eV
287—406 eV
287—406 eV
287—406 eV
10 MeV
292—299 nm
292—299 nm
292—299 nm
292—299 nm
292—299 nm
292—299 nm
390—780 nm
10—100 eV
10—100 eV
10—100 eV
7—30 eV
94.74—95.24 eV

3.8—2,000 eV

6,700—20,500 cm~*

405—430 eV
405—430 eV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
123.6 keV
14—21 eV
14—-21 eV
14—-21 eV
14—-21 eV
3.3—4.7 eV
3.3—4.7 eV
404—388 nm
404—388 nm
7—12 eV
0—135,000 cm—!
40—-80 eV
400—560 eV
49.3—420 eV
49.3—420 eV
790 nm

790 nm
24—40 eV

E/T

E/T

E/T

713
714
715
716
716
717
717
718
718
718
718
719
720
720
720
720
720
720
721
722
722
722
723
724
725
725
726
727
728
728
729
729
729
729
729
729
729
729
729
729
730
730
730
730
731
731
732
732
733
734
735
736
737
737
738
738
739



hr + Xe

hry + He

hy + Mg3*
hy + A%t
hv + Sit
hy + PS+
hy 4+ St
hv 4+ CI8*
hy + Ardt
hy 4+ K10+
hv + Callt
hy + Scl2+
hy + Tit3t
hy 4+ V4t
hv + Crl3t
hy 4+ Mn!6+
hy + Fel™
hy 4+ Col8t
hy 4+ Nil9t
hy + Zn

hy 4+ Ag

hv + Pb

hy + Al

hy 4+ Zn

hv 4+ Ag

hr 4+ Ba

hy + Pb

hy + U

hr + He

hy + Mg™*
hyv + Si%*
hy + S+
hy + Krbt
hv + Mg
hy + CO,
hy + Al

hy + Ar

hy + Ar

hry + Xe

hy + CH,4
hy —|— CD4
hv —|— CH4
hv + CD4
hy + Li

hy + C

hvy + O

hy + Al

hy 4+ Ca

hv + LiOH
hy 4+ CaCOg3
hy + NaNOj;
hry + NaNO,
hy + C5H1O0s5
hy 4+ CgH;204

hy + CGH1205H20

hy + C2H2204;

hy + C3H3,0,6H20

Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation

Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization
Photodissociation
Photodissociation
Photoionization
Photoionization
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
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24—40 eV
1083 nm
103-10° K
10%-10° K
10%-10° K
103-10° K
103-10° K
103-10° K
10%-10° K
10%-10° K
10%-10° K
103-10° K
103-10° K
103-10° K
10%-10° K
10%-10° K
103-10° K
103-10° K
103-10° K
5—200 keV
5—200 keV
5—200 keV
5—200 keV
5—200 keV
5—200 keV
5—200 keV
5—200 keV
5—200 keV
41—-48 eV

2 x 106-1 x 103 em™—?
2 x 10%-1 x 102 ecm—*
2 x 105-1 x 103 em~1

15,000—62,000 cm !

301-322 eV
98—115 eV

246—249 eV
246—-249 eV
80—300 eV

220-260 eV
220—-260 eV
220—-260 eV
220—-260 eV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV

739
740
741
741
741
741
741
741
741
741
741
741
741
741
741
741
741
741
741
742
742
742
742
742
742
742
742
742
743
744
744
744
745
746
747
748
749
749
750
751
751
751
751
752
752
752
752
752
752
752
752
752
752
752
752
752
752



hy + Ci13H320165H20

hy + CQH5N02
hy —|— 03H7N02
hy —|— C3H7N03
hv + C5H11N02
hy + C4H9N03
hy + CGngNOQ
hy + C4H7NO4
hy + CgH14N20O9
hv —|— C5H9NO4
hv + 06H9N302
hy + CnglNOQ
hy + C¢H 14N, O,
hy —|— CgH11N03

hy 4+ C;1H12N>0,
hI/ -I- C6H12N20482

hy 4+ CO,
hy + N2
hy + Kr
hv + C?t
hy + C?t*
hy + CQHQ
hy + CQHQ
hr 4+ Ba
hy —|— CSQ
hr 4+ Ne
hy + P~
hv + Fr
hr 4+ Rat
hy + Ac?t
hy 4+ Th?*
hy 4+ Pa*t
hy + U5t
hy + H
hrv + Ne
hy + Ar
hy + H-
hry + He
hy + HQ+
hry + He
hy —|— HQ
hy + Ni
hy 4+ Ge
hy 4+ Ert
hy 4+ CS,t
hy + CS,
hy + Ar
hy + Ar
hry 4+ Be
hry 4+ Be
hy 4+ Ar
hy + Ar
hv —|— H2
hy + Hg
hy + H2
hy + H,O
hy + H,O

Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photon Collisions
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Photodetachment
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoionization
Photoexcitation
Photoionization
Photoexcitation
Photoionization
Photon Collisions
Elastic Scattering
Photodissociation
Elastic Scattering
Photoionization

Total Absorption, Scattering

Fluorescence

6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
6.4—136 keV
0—180 eV
0—180 eV
104—280 eV
15—35 nm
15—35 nm
311 eV

311 eV
790—850 eV
295—330 eV

745 MeV
1075-109 a.u.
1075-109 a.u.
1075-10° a.u.
1075-10° a.u.
107°-10° a.u.
107°-10° a.u.
0.25—0.5 a.u.
30—200 eV
30—200 eV

1.3 x 10*® W /cm?
76—99 eV
76—99 eV
205—49,314 cm !
205—49,314 cm !

23,240—46,757 cm ™!

275—292 eV
275—292 eV
247 eV

247 eV
128—140 eV
128—140 eV
3175—3250 eV
3175—3250 eV
2.7—13.6 eV
2.7—13.6 eV
2.7—13.6 eV
540—570 eV
540—570 eV

Exp

Exp

Exp

E/T

Exp

E/T

E/T
E/T
Th
Th
Th
Th
Th
Exp
Exp

752
752
752
752
752
752
752
752
752
752
752
752
752
752
752
752
753
753
754
755
755
756
756
757
758
759
760
761
761
761
761
761
761
762
763
763
764
764
765
766
766
767
767
768
769
769
770
770
771
771
772
772
773
e
e
e
e



hy + H>,O
hy + H,O
hy + Li
hy + Fe™
hy 4+ Cu~
hr + He
hry + Xe
hy + La3t
hv + La*t
hv + Nag
hy + Na
hy + Na,
hr 4+ Rbs
hy 4+ Ar
hy 4+ Sn
hy + CO
hry + Rbt
hy + Sr2t
hry + Xe
hry + He
hry + Kr
hry + Kr
hy + Xes
hy + 12

hy + Xeg
hv —|— IQ

hy + H2+
hy + H2+
hy + Li
hy —I— H2+
hr 4+ NaRb
hr 4+ LiCs
hy 4+ Li
hry 4+ Be
hv + Mg
hy 4+ Ca
hv —|— N2
hy + Hg*
hy + H2
hy + Hy*
hy + As™
hy + H-
hy + Xe
hv + Xe + 060
hy + N2
hy —I— 02
hy + H

hv + CH4
hv + CQHG
hy + CgHg
hy + CH,4
hv —|— CQHG
hv —|— C3H8
hry + He
hry + Ne
hr 4+ Ne™T
hy 4+ Ne2t

Photoexcitation
Photoionization
Photoexcitation
Photodetachment
Photodetachment
Photoionization
Photoionization
Total Absorption, Scattering
Total Absorption, Scattering
Photodissociation
Photoionization
Photoionization
Total Absorption, Scattering
Photoexcitation
Total Absorption, Scattering
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Total Absorption, Scattering
Photoionization
Photodissociation
Photodissociation
Photoionization
Photoionization
Photodissociation
Photoionization
Photoexcitation
Photoionization
Fluorescence
Fluorescence
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photodetachment
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photodissociation
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization

33

540—-570 eV
540-570 eV

1.92-2.71 eV
1.92-2.71 eV

10—170 eV
70—130 eV
70—130 eV
61 eV

61 eV

61 eV
600—1100 nm
1072-10 a.u.
25—60 keV

24—160 eV
24—160 eV
20—30 eV
42—50 eV
14—17 keV
14—17 keV
800 nm

800 nm

800 nm

800 nm
0.7—0.8 a.u.
0.7—0.8 a.u.

5 x 10'% W /cm?
770—477 nm
15.53—17.24x10% cm™!
207-318 eV

18—48 eV

18—48 eV

18—48 eV
412.5—-433.5 eV
3—14 eV

3—14 eV

3—14 eV

715—532 nm
14.3—50 eV
49.5-58 eV
49.5-58 eV
0.7—4x10* W /cm?
0.7—-4x10'* W/cm?
10%3-10'6 W/cm?
1.4 x 10** W /cm?
1.4 x 10** W/cm?
1.4 x 10'* W /cm?
1.4 x 10'* W /cm?
1.4 x 10'* W /cm?
1.4 x 10'* W /cm?
38.4—42.8 eV
38.4—42.8 eV
38.4—-42.8 eV
38.4—42.8 eV

E/T
E/T

e
e
775
776
776
T
778
779
779
780
780
780
781
782
783
784
785
785
786
787
788
788
789
789
789
789
790
790
791
792
793
794
795
796
796
796
797
798
798
798
799
800
801
801
802
802
803
804
804
804
804
804
804
805
805
805
805



hry + He
hr + Na
hry 4+ Na*
hr + Rb
hr 4+ Rb*
hy + H2
hy + H-
hy + Ar®t
hy —|— H2+
hv —|— 12
hy 4+ Be3t
hy + (:)2Jr
hy + H
hy —|— H2+
hv —|— H2+
hy -I- NQO
hrv 4+ Ne
hv + Mg
hv + Mg*
hy —|— HQ
hy + D2
hy + H2
hy + DQ
hy + H2
hy —|— D2
hv —|— N2
hy + F~
hy + COq
hy + COq;
hy 4+ CH;
hv —|— CHg
hv + CH3
hy + H2
hy + N2
hy + H2
hy —|— NQ
hv —|— H2+
hy + HD+
hy + HQ+
hv + HD*
hry + NO
hv —|— H2
hy + D2
hy + H2
hy + DQ
hy —|— HQ
hy —|— DQ
hy + I~
hry + He
hry + He
hy + C;Hy
hv —|— CGHG
hv —|— CQH4
hv + CﬁHﬁ
hr + Xe
hr + Xe
hy —|— C4Fg

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization

Photodissociation

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization

Photodissociation
Photodissociation

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodetachment
Fluorescence
Photoexcitation

Total Absorption, Scattering

Fluorescence
Photoexcitation

Photodissociation
Photodissociation

Photoionization
Photoionization

Photodissociation
Photodissociation

Photoionization
Photoionization
Photoexcitation

Photodissociation
Photodissociation

Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photodetachment
Photoionization
Photoionization
Fluorescence
Fluorescence
Photoexcitation
Photoexcitation
Fluorescence
Photoexcitation

Total Absorption, Scattering

38.5 eV

77—600 K
77—600 K
77—-600 K
77—-600 K

11,442—11,456 cm~?

15-30 eV
50—350 eV
1-5 a.u.
780 nm
4—8 a.u.
790 nm
0—80 eV
0—80 eV

410—465 eV
60—240 eV
106—335 nm
106—335 nm
600—1200 nm
600—1200 nm
600—1200 nm
600—1200 nm
800—1850 nm
800—1850 nm
800—1850 nm
0.03 a.u.

541 eV

541 eV

282 eV

282 eV

282 eV

800 nm

800 nm

800 nm

800 nm

750 nm

750 nm

750 nm

750 nm

2.8 x 10'2 W/cm?

800 nm

800 nm

800 nm

800 nm

800 nm

800 nm

0—-8 eV

45 eV

40—55 eV
280—290 eV
280—290 eV
280—290 eV
280—290 eV
4090—4805 eV
4090—4805 eV
100 eV

Exp
E/T
E/T
E/T
E/T
E/T
Th
Exp
Exp
Exp
Th
Exp
Th
Th
Th
E/T

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp
Exp
E/T
E/T
E/T

806
807
807
807
807
808
809
811
812
813
814
815
816
816
817
818
819
820
820
821
821
821
821
822
822
822
823
824
824
825
825
825
826
826
826
826
827
827
827
827
828
829
829
829
829
829
829
830
831
832
833
833
833
833
834
834
835



hy + C-C4F8
hy + C4F8
hy —I— C-C4F8
hry + Be
hy 4+ Crt
hry 4+ Xe
hrv 4+ Na
hy + K
hry + Rb
hy 4+ Cs
hy + B~
hy + H2
hy + F~
hy —I— H2+
hv —|— D2+
hy + Ne
hy + By~
hy + B3~
hy + By~
hy + B3~
hry + OH™
hy + H
hy + Ar
hy + HgJr
hy —|— H2+
hry + NO
hy 4+ NO*
hry + NO
hy + NO*
hy + H
hy + Krt
hy 4+ Kr2t
hy + D~
hy + Ce™
hy + O~
hy 4+ Li
hr 4+ He
hyr + H
hry + He
hy + Li
hry 4+ Be
hy + CO
hy + CO
hry + He
hy + HQJr
hry + He
hv —|— H2
hy + Xe
hry + He
hy + Au
hy + Bi
hy + Th
hy + U
hy + Au
hy + Bi
hy + Th
hy + U

Total Absorption, Scattering
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodetachment
Photoionization
Photodetachment
Photodissociation
Photodissociation
Photoionization
Photodissociation
Photodissociation
Photodetachment
Photodetachment
Photodetachment
Photoionization
Photoionization
Photodissociation
Photoionization
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoionization
Fluorescence
Fluorescence
Photodetachment
Photodetachment
Photodetachment
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Total Absorption, Scattering
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Photoionization
Photoionization
Photoionization
Photoionization
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100 eV

100 eV

100 eV

17-22 eV

40—41 eV

220.3 eV

0—1 a.u.

0—1 a.u.

0—1 a.u.

0—1 a.u.

187—195 eV

10—20 eV

0—20 eV

2 x 10146 x 10'* W/cm?
2 x 10146 x 10'* W/cm?
1 keV

180—220 eV
180—220 eV
180—220 eV
180—220 eV
440—266 nm

5 x 1013-5 x 10'* W/cm?
0.25—-2x10* W/cm?
1-3x10'* W/cm?
1-3x10'* W/cm?
325—330 nm
325—330 nm
325—330 nm
325—330 nm
13.6—40 eV

14.36 keV

14.36 keV
10.92—11.04 eV
0.61—-0.75 eV

532 nm

3—8 cm~! above threshold
390 nm

0—620 eV

0—620 eV

0—620 eV

0—620 eV

297—304 eV
297—304 eV

25—54 eV

2.8 keV

2 x 10*-2 x 10'5 W/cm?
12.7 eV
44-58 eV
5.98 keV
5.98 keV
5.98 keV
5.98 keV
5.98 keV
5.98 keV
5.98 keV
5.98 keV

E/T
Th
Th
Th
Th
Th
E/T
E/T
E/T

Exp

E/T
Th

Th

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

835
835
835
836
837
838
839
839
839
839
840
841
842
843
843
844
845
845
845
845
846
847
848
849
849
850
850
850
850
851
852
852
853
854
855
856
857
858
858
858
858
859
859
860
861
862
863
864
865
866
866
866
866
866
866
866
866



Photoionization
Photoionization
Fluorescence

Photoexcitation
Photoionization
Photoionization

Photodissociation

Photoionization

Photodissociation

Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoionization

Photodissociation
Photodissociation

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoexcitation
Photoionization

Photodissociation
Photodissociation

Fluorescence

Fluorescence

Photoionization
Photoionization
Fluorescence

Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Fluorescence

Photoexcitation
Photoionization
Photoionization
Photoionization

Photodissociation

Photoionization

59.4—78 eV

12.5—65 eV
909.8—92.8 eV
909.8—92.8 eV

1.36 eV

79.5 nm

820 nm

820 nm

785 nm

845 nm

57.49 eV

6—8 cm~!

140 eV

5.4—8.4 eV

5.4—8.4 eV

2.3—2.8 eV
33,250—35,420 cm !
33,250—35,420 cm~*
5.6 keV

10.6 p m

4—14 a.u.

4—14 a.u.

1.55 eV

1.55 eV

8—210 eV

220—250 eV
485—2000 nm
485—2000 nm

5—60 eV

5—60 eV
115,700—117,800 c— !
115,700—117,800 cm— !
115,700—117,800 cm !
115,700—117,800 cm !
49.5—45.5 eV
49.5—45.5 eV
78—84 eV

78—84 eV

24—60 eV

24—60 eV

24—60 eV

24—60 eV
94.74—100.04 eV
412—415 eV
400—403 eV
400—403 eV
710—740 nm
25—110 eV

102 W/cm?

127 eV

400—43,000 cm !
300—21,000 cm~*
3—-5.5 eV

3—5.5eV

29—38 eV

3 x 102 W/cm?
795 nm

Th
Exp

Th
Th
Exp
Exp
Th
Th
Th
Th
E/T
Exp
Exp
Exp
E/T
E/T

Exp

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

Th
E/T
E/T
Exp
Th
Th
Th

Th
Exp

867
868
869
869
870
871
872
872
873
874
875
876
877
878
878
879
880
880
881
882
883
883
884
884
885
886
887
887
888
888
889
889
889
889
890
890
891
891
892
892
892
892
893
894
895
895
896
897
898
899
900
901
902
902
903
904
905



hv 4+ O3 Total Absorption, Scattering 350—1200 K Th 906
hy 4+ O3* Total Absorption, Scattering 350—1200 K Th 906
hy + O3 Photoexcitation 350—1200 K Th 906
hy + O3* Photoexcitation 350—1200 K Th 906
hvy + NO Photoionization 412—419 eV Exp 907
hy + NO* Photoionization 412—419 eV Exp 907
hy + Hy' Photoionization 65 eV Th 908
hr 4+ He Photoionization 40—54 eV E/T 909
hy + O, Photoionization 554—594 eV E/T 910
hy + Xe Photoionization 97.45 eV Exp 911
hy 4+ Ney Photoionization 881.2 eV Exp 912
hy + Cgp Photoionization 10—90 eV Th 913
hrv + C3Hg Total Absorption, Scattering 5—29 eV E/T 914
hv + C;H40 Total Absorption, Scattering 5—29 eV E/T 914
hv + CoH4S Total Absorption, Scattering 5—-29 eV E/T 914
hy + Na Elastic Scattering 107%-107° a.u. Exp 915
hr 4+ Ne™T Photoionization 25—40 eV Th 916
hy + Hy Photoionization 30 eV Th 917
hy 4+ O, Photoionization 542—546 eV E/T 918
hy + Xe26+ Photoexcitation 10—1500 eV Th 919
hy + S'2* Photoexcitation 10—225 Ry Th 920
hy + Fe™ Photoionization 4-50,000 eV Th 921
hy + Feldt Photoionization 4-50,000 eV Th 921
hy + Fe?3t Photoionization 4-50,000 eV Th 921
hy + Fe?*t Photoionization 4—-50,000 eV Th 921
hy 4+ Fe?t Photoionization 4—50,000 eV Th 921
hy + Ni%t Photoionization 4—-50,000 eV Th 921
hy 4+ Nil™ Photoionization 4-50,000 eV Th 921
hy + Ni2* Photoionization 4—50,000 eV Th 921
hy + Ni26+ Photoionization 4—-50,000 eV Th 921
hy 4+ Ni2™t Photoionization 4-50,000 eV Th 921
hy 4+ Cul®* Photoionization 4-50,000 eV Th 921
hy + Culdt Photoionization 4-50,000 eV Th 921
hy 4+ Cu?6+ Photoionization 4-50,000 eV Th 921
hy 4+ Cu?"t Photoionization 4-50,000 eV Th 921
hy 4+ Cu?®* Photoionization 4—50,000 eV Th 921
hy 4+ Mo®* Photoionization 4—50,000 eV Th 921
hy + Mo!3+ Photoionization 4—50,000 eV Th 921
hy 4+ Mot Photoionization 4-50,000 eV Th 921
hy 4+ Mo31t Photoionization 4—50,000 eV Th 921
hy 4+ Mo39t Photoionization 4—50,000 eV Th 921
hy + Mo+ Photoionization 4—50,000 eV Th 921
hy + Mo#*+ Photoionization 4—50,000 eV Th 921
hy + W5+ Photoionization 4-50,000 eV Th 921
hy + W27+ Photoionization 4-50,000 eV Th 921
hy + W37+ Photoionization 4-50,000 eV Th 921
hy + W4+ Photoionization 4—50,000 eV Th 921
hy + W5+ Photoionization 4—50,000 eV Th 921
hy + WO+ Photoionization 4-50,000 eV Th 921
hy + W7+ Photoionization 4-50,000 eV Th 921
hy + W72+ Photoionization 4-50,000 eV Th 921
hy + W73+ Photoionization 4—50,000 eV Th 921
hy + Xe3t Photoexcitation 100,000—10,000 A Th 922
hy + Ar'4t Photoexcitation 10—300 Ry Th 923
hy + Kr?™t Photoexcitation Th 924
hy + Kr28t Photoexcitation Th 924
hy + Kr29t Photoexcitation Th 924
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hy + Kr30t
hy + Kr3lt
hy + S

hv + Col0t
hry + Ra
hr 4+ Rat
hry + Ac
hr 4+ Ac™t
hy 4+ Nil0+
hrv 4+ Sct
hy + H

hy + Cr
hy —|— NHg
hy —|— ND3
hy + NH,;D
hy + NHD,
hy + CHT
hy 4+ CD*
hy + CO
hy —|— CQ
hv —I— 02
hvy + O

hy + S

hy + HQ
hy —|— NQ
hy 4+ Ge
hy 4+ Sn
hv + Pb
hv 4+ Uuq
hr + KrH'
hry + He
hy + Ti

hy + Ar
hry + Xe
hy + CH,4
hy —|— HQ
hv —|— H2+
hr + Be
hy + Cu
hy + U

hy + A

hy 4+ Cr
hy + Fe
hy + Co
hy + Cu
hy 4+ Zn
hy + Ga
hy 4+ Se
h +Y

hry + Mo
hy + Cd
hy + In

hy 4+ Sn
hy + Te
hr 4+ Ba
hy 4+ Ta

Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photodissociation
Photodissociation
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photodissociation
Photoionization
Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Photoionization
Photoionization
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
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0—14 Ry
8000—2700 A
8000—2700 A
8000—2700 A
8000—2700 A

102107 K

8390—8270 A
0.0-3.0 a.u.
9700—2700 A
144—110 nm
144—110 nm
144—110 nm
144—110 nm

32,000 cm~!

32,000 cm~!

200 nm

2300 A

535—545 eV

12—26 eV
73,350—84,950 cm !
81—72 nm

93.5—89.7 nm
35,000—320,000 cm !
35,000—320,000 cm !
35,000—320,000 cm !
35,000—320,000 cm !
60,000—140,000 cm !
30—80 keV

4.0-5.9 keV

5—110 keV

5—110 keV

5-110 keV

60 MeV; 2.4 keV; 0—20 a.u.
60 MeV; 2.4 keV; 0—20 a.u.
10—450 keV

10—450 keV

10—450 keV

1-10* keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

60—124 keV

E/T

Exp
Exp
Exp
Th
Th
Th
Th
Th
Th

Exp
Exp

Th
Th

924
924
925
926
927
927
927
927
928
929
930
931
932
932
932
932
933
933
934
935
936
937
938
939
940
941
941
941
941
942
943
944
945
945
945
946
946
947
947
947
948
949
949
949
949
949
949
949
949
949
949
949
949
949
949
949



hy + W
hy + Bi
hy + Cr
hy + Fe
hry 4+ Co
hy + Cu
hy + Zn
hry + Ga
hy + Se
hy +Y
hry + Mo
hy + Cd
hy + In
hy 4+ Sn
hy 4+ Te
hy + Ba
hy + Ta
hy + W
hy + Bi
hr + Bi
hy 4+ Au
hy + Au
hy + K
hry + He
hry + He
hy 4+ Mn!?+
h + H
hy + Tm
hr 4+ Ne™T
hy + Eu
hv —|— HQ
hy + HD+
hy + HQ
hy + HD*
hrv + Ne
hry + Ne
hr 4+ Ne
hy + Nd—
hry + He
hy + N>,O
hry + He
hy + Lit
hy + C*
hy + Nedt
hy + Ba2t
hrv + He
hy + Lit
hv + C*t
hy + Nedt
hr + Ba2t
hy + Hg
hr + Sc
hy + CO
hy + CO
hvy + CO
hy + K
hy —I— H2+

Fluorescence

Fluorescence

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization

Elastic Scattering
Total Absorption, Scattering

Photoionization

Total Absorption, Scattering

Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization

Photodissociation
Photodissociation

Photoionization
Photoionization
Photoionization
Photoexcitation
Photoionization
Photodetachment
Fluorescence
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization

Photodissociation

Photoexcitation
Photoionization
Photoionization

Photodissociation
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60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
60—124 keV
88 keV
1-100 keV
1-100 keV
3600—4200 eV
800 nm

800 nm

23—38 eV
25—40 eV
165—310 eV
790 nm

790 nm

790 nm

790 nm

867.1 eV
900—904 eV
900—904 eV
2.41 eV
64—65 eV
532—542 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
0.05—1000 eV
800 nm
25—45 eV
60—1400 eV
60—1400 eV
60—1400 eV
10-3.3 p m
400 nm

949
949
949
949
949
949
949
949
949
949
949
949
949
949
949
949
949
949
949
950
951
951
952
953
954
955
956
957
958
959
960
960
960
960
961
962
962
963
964
965
966
966
966
966
966
966
966
966
966
966
967
968
969
969
969
970
971



hy + H
hry + He
hry + He
hy 4+ Eu?t
hry + NaK
hy —|— Li2
hy + Ng
hy + N2
hy 4+ Ar
hy + HCI
hy 4+ HCI
hry + NO
hy + NO
hry 4+ Ne
hy + Ar
hv + Ti*t
hv + Alt
hy 4+ Sr
hr 4+ Ne
hy 4+ Ar
hy + H
hy + H*
hv + Rbg
hr + Rbs
hy 4+ Cgo
hy + NQ
hy —|— 02
hy + D2+
hry + He
hy + Tm
hy + CO
hr 4+ KCl1
hry + KI
hry + KBr
hy + CHQCIQ
hy + NQ
hy + 1

hy + 1

hy + Bi
hy + CH,
hy + CH,4
hy + CH,4
hv + Ce®*
hv + Cef*
hv + Ce™*
hy 4+ Ce8t
hy 4+ Cet
hy + Cd,
hv —I— Cd2
hy + Na
hv + Mg
hr + Na
hv + Mg
hv —|— Na2+
hy + Nag+
hv 4+ Ar
hy + Ar

Photoionization
Photoionization
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photodissociation
Photoionization
Photoexcitation
Photodissociation
Photoionization

Total Absorption, Scattering

Photodissociation
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoexcitation
Photoionization
Fluorescence
Photodissociation
Fluorescence
Photoionization

Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering

Fluorescence
Photoexcitation
Fluorescence
Fluorescence
Photoexcitation
Photoexcitation
Photodissociation
Photoionization
Photoexcitation
Photoionization

10'2-10'6 W/cm?
40—54 eV
39.5—54 eV
10,000—2,000 A

500—600 eV
500—600 eV
249 eV
195—260 eV
195—260 eV
13—-21 eV
13—21 eV
800—400 nm
800—400 nm
10~%-1 (unitless)
20—50 eV
25.26 eV
28—110 eV
28—110 eV
1072-10° a.u.
1072-10° a.u.
750—785 nm
750—785 nm
50—290 eV
800 nm

800 nm

750 nm
800—483 nm
502.4 eV
287.4—287.66 eV
316.5—325 eV
316.5—325 eV
316.5—325 eV
800 nm
420—480 eV
9.48—-9.86 eV
9.48—-9.86 eV
10.01—17.48 keV
800 nm

800 nm

800 nm
70—120 eV
70—120 eV
70—120 eV
70—120 eV
70—120 eV
220—230 nm
220—230 nm
60—105 eV
60—105 eV
60—105 eV
60—105 eV
800 nm

800 nm
6—120 eV
6—120 eV

972
973
974
975
976
977
978
978
979
980
980
981
981
982
982
983
984
985
986
986
987
987
988
988
989
990
990
991
992
993
994
995
995
995
996
997
998
998
999
1000
1000
1000
1001
1001
1001
1001
1001
1002
1002
1003
1003
1003
1003
1004
1004
1005
1005



hy + 02
hy + 02
hy 4+ Li,™
hv —|— Li2
hy + H-
hy + F~
hy + 02
hy + HgJr
hy —|— D2+
hr 4+ He
hy + Hgo
hy + H,O
hry + He
hy + H

hy + C

hy + N*
hy + O2%*
hy + F3t
hy + Ne*t
hy + Na®*
hy + Mg6+
hy + AI't
hv + Si%t
hy + P9t
hy + S0+
hv + CI1'+
hy 4+ Ar'?t
hy 4+ K13+
hy 4+ Caltt
hy + Sclt5+
hy + Til6+
hy + V17+
hy + Crid+
hy + Mn!9+
hy + Fe?0+
hv + Co?'t
hy 4+ Ni%2+
hv + Cu?t
hy 4+ Zn%t
hry + Rb
hy + Cs
hy + Ar
hy + Li

hy + NQ
hy + 02
hy + W
hy 4+ Au
hy + Pb
hy + CO
hv + Mg
hy + NQJr
hy —|— N2+
hv + COQ
hy + Ng
hy + CgH4
hy + 12t
hy + I3t

Photoexcitation
Photoionization
Photoionization
Photoexcitation
Photodetachment
Photodetachment
Photoionization
Photodissociation
Photodissociation
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Total Absorption, Scattering
Total Absorption, Scattering
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540—543 eV
540—543 eV
2—20 eV
992—1028 nm

0.0043—-0.0253 a.u.
0.0043—-0.0253 a.u.

605—650 eV

800 nm

800 nm
0.055—0.187 a.u.
800 nm

800 nm

41.8 eV

0.6—2 w(a.u.)

134—220 eV
134—220 eV
491—467 nm
200—650 eV

3—4x10'"* W/cm?
3—4x10'* W/cm?

11—-40 keV
11-40 keV
11-40 keV
300—305 eV
22—54 eV
790 nm
790 nm
795 nm
795 nm
795 nm
65—130 eV
65—130 eV

E/T

E/T

1006
1006
1007
1008
1009
1009
1010
1011
1011
1012
1013
1013
1014
1015
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1016
1017
1017
1018
1019
1020
1020
1021
1021
1021
1022
1023
1024
1024
1025
1025
1025
1026
1026



Total Absorption, Scattering

Photoionization
Photodissociation
Photoionization
Photodissociation
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation

Total Absorption, Scattering
Total Absorption, Scattering

Photodissociation

Total Absorption, Scattering

Photoionization
Photoionization
Photodetachment
Photodetachment
Photoionization
Photodissociation
Photodissociation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoionization
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photoexcitation
Photodetachment
Photodetachment
Photoionization
Photodissociation
Photodissociation
Photodissociation
Photoionization
Photodissociation
Fluorescence
Photoexcitation
Photoionization

42

65—130 eV

42—-58 eV

871 eV

871 eV

880.2 eV

880.2 eV

1076-10! (unitless)
107 7-10! (unitless)
1077-10' (unitless)
1077-10' (unitless)
1077-10! (unitless
107 7-10! (unitless
1077-10! (unitless
10-7-10" (
1077-10! (unitless
1077-10! (unitless
107%-1 a.u.

528 nm

528 nm

535 eV

5—20 keV

25—60 eV

0.0533 a.u. — 1064 nm
0—10 eV

0—10 eV

54.4 eV

800 nm

800 nm

200 A

4600—2600 A

40,000 cm !

0—9000 K

8000—4000 A

1300 A

63,000—74,700 cm !
18.0—14.5 A
265.0—125.0 A
265.0—125.0 A
265.0—125.0 A
265.0—125.0 A
265.0—125.0 A
265.0—-125.0 A
265.0—125.0 A
265.0—125.0 A
265.0—125.0 A

600 nm

600 nm

290—275 nm

2.35 eV

2.35 eV

2233 eV

2233 eV

184.9—116.5 nm

804 nm

804 nm

804 nm

)
)
)
unitless)
)
)

E/T
Th
Th
Th
Exp

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
E/T
E/T

E/T

1026
1027
1028
1028
1029
1029
1030
1031
1031
1031
1031
1031
1031
1031
1031
1031
1032
1033
1033
1034
1035
1036
1037
1038
1038
1039
1040
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1049
1049
1049
1049
1049
1049
1049
1049
1050
1050
1051
1052
1052
1053
1053
1054
1055
1055
1055



hy + H30
hy + NH,4
hy + Cr
hy + Fe
hy + Ni
hy + Cs
hy 4+ Cs*
hy + H

hy + Ar
h + H

hv + SF6
hv + SF6
hy + Ar
hy + Kr
hr 4+ Xe
hy + AI‘70
hy + AI‘77
hv + Argsg
hv + Argsg
hv —|— KI’66
hy + KI‘70
hyv + Krasg
hy 4 Kras
hy 4 Xesrg
hy —|— CF4
hy + H-
hy + He
hy + Li
hry 4+ Be
hy + Be?t
hy + H-
hy + Ca
hr 4+ Cut
hv —|— HQO
hy + N2
hy + H

hy + NH;j;
hy + NH;j;
hy + Ar
hy 4+ Te
hy + 1

hy + Cs
hry 4+ Ba
hry + La
hy + MgC60
hv -I- CSQ
hy 4+ CS,
hy + H

hy 4+ Ar
hv —|— HQ
hy + Be
hy + Xe
hy + H2
hy + AI‘CGO
hy —|— AI‘CQ40
hy —|— AI‘C540
hry + Ne

Photoionization
Photoionization

Total Absorption, Scattering
Total Absorption, Scattering
Total Absorption, Scattering

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodetachment
Photoexcitation
Photoexcitation
Photodissociation
Photoionization
Photoionization
Photodissociation
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
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0—-50 eV
0—-50 eV
22—88 keV
22—88 keV
22—88 keV

170—231 eV
170—231 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
150—280 eV
20—120 eV
20—400 eV
20—400 eV
20—400 eV
20—400 eV
20—400 eV
0.75—1.5 eV
6100 A
1358 A

244 nm

510 eV
238—244 nm

100 eV; 15—-60 eV
100 eV; 15—-60 eV

30—90 eV
5.888—5.899 keV
5.888—5.899 keV
5.888—5.899 keV
5.888—5.899 keV
5.888—5.899 keV
6—50 eV

800 nm

800 nm

0.03—0.1 a.u.
0.03—0.1 a.u.
10*4-10° W/cm?
9—14 eV

108 p m

160 eV
3220—3290 eV
3220—3290 eV
3220—3290 eV

1014-3 x 101 W/cm?

Th
Th
Exp

Exp

Exp

1056
1056
1057
1057
1057
1058
1058
1059
1059
1060
1061
1061
1062
1062
1062
1062
1062
1062
1062
1062
1062
1062
1062
1062
1063
1064
1064
1064
1064
1064
1065
1066
1067
1068
1069
1070
1071
1071
1072
1073
1073
1073
1073
1073
1074
1075
1075
1076
1076
1077
1078
1079
1080
1081
1081
1081
1082



hy 4+ Ar

e + Yb*

e —I— H2+
nhy + He
nhr + He
nhv —+ Hg
nhry + H,
nhr + H,
nhr + Ne
nhy + Hot
nhv —+ H2+
nhy + H
nhr + He
nhy 4+ Ny
nhr + Ny
nhv + H2+
nhv —+ K2
nhr + Be
nhr + Sr
nhy + CH,4
nhy -|- CH4
nhy + CH4
nhry + CO,
nhr 4+ Ny

nhy + C3Hy

nhy + H
nhr + Ar
2hr + Ne
2hyv + Ar
2hry + H

2hy + He
2hr + Ne
2hyv + Ar
2hy + 1

2hy + 1

2hry + He

Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photodissociation
Elastic Scattering
Photoionization
Photoionization
Photodissociation
Photoionization
Photoionization
Photoionization
Photodissociation
Photoionization
Photodissociation
Photoexcitation
Photoionization
Photoionization
Photodissociation
Fluorescence
Photoexcitation
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoionization
Photoexcitation
Photoionization
Photoionization

2.2.2 Electron Collisions

e + 0022+
e + CO™*
e + CO*

e —I— CGH5N3
e + C@H5N3

e + Li

e + Li

e + NO
e—|—N20
e—I—NOQ
e+N03
e—|—N205
e + NO
e+NQO
e—I—N02
e+N03
e+N205

Dissociation
Dissociation
Ionization
Dissociation
Electron Collisions
Angular Scattering
Ionization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Excitation
Excitation
Excitation
Excitation
Excitation
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10%4-3 x 1015 W/cm?

3.8—2,000 eV
10 eV

24—50 eV
390—780 nm
2.7—13.6 eV
2.7—13.6 eV
2.7—13.6 eV
60—240 eV
1-3x10'* W/cm?
1-3x10** W/cm?
1.36 eV

79.5 nm

820 nm

820 nm

785 nm

845 nm

57.49 eV
710—740 nm
800 nm

800 nm

800 nm

795 nm

795 nm

795 nm
238—244 nm
30—-90 eV
30—200 eV
30—200 eV
13.6—40 eV
44—58 eV
28—110 eV
28—110 eV
9.48—9.86 eV
9.48—9.86 eV
42—58 eV

1300 eV
15—2500 eV
15—-2500 eV
3—12 eV
3—12 eV

2 keV

2 keV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV

Exp

Exp
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1082
726
810
715
721
773
773
773
819
849
849
870
871
872
872
873
874
875
896
1000
1000
1000
1025
1025
1025
1070
1072
763
763
851
865
986
986
998
998
1027

1083
1084
1084
1085
1085
1086
1086
1087
1087
1087
1087
1087
1087
1087
1087
1087
1087



e + NO

e + NQO
e —I— NOQ
e + NO3
e + N205
e+ W44+
e + W45+
e + O4+
e + Nebt
e + Si10+
e + Arlt
e + Fe?2t
e + Mo3%t

+
>
=

Laaq
ﬁOO

Sn5+

w2

=
=)
+

Sn’t

wn

=
[°2)
+

Sn9+
Sn10+
Sn11+
Sn12+
e + Sn13+
e + Xebt
e + Xet
e + Xel0t
e + Xellt
e + Xel2t
e + Xe13+
e + Sn?t
e + Sn°t
e + Snft
e + Sn"t
e + Snét
e + Sn°t
e 4+ Sniot
e + Snilt
e + Sni2t
e 4+ Sni3t
e + Xebt
e + Xet
e + Xel0t
e + Xellt
e + Xel2t
e + Xe13+
e + Sn*t
e + Sn°t
e + Snft
e + Sn"t
e + Snét
e + Sn°t
e 4+ Sniot
e + Snilt
e + Sni2t

o o0 o0 o0 o0 o o000 0 0

tH+ 4+

Ionization
Ionization
Tonization
Tonization
Ionization
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Excitation
Ionization
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation

45

10—2000 eV
10—-2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
75—800 eV
75—800 eV
200—-1500 eV
200—1500 eV
200—1500 eV
200—1500 eV
200—1500 eV
200—-1500 eV
0-52 eV
256—-276 eV
256—276 eV

&

A

)
AAAAAAAA/‘\/‘\AA/-\A/‘\AAAAAE\AAAAAAAAAAAAAAAAAAAA
S333333333333333323333323333323333323333=23533:3

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1087
1087
1087
1087
1087
1088
1088
1089
1089
1089
1089
1089
1089
1090
1091
1091
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
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Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Angular Scattering
Angular Scattering
Excitation
Excitation
Attachment
Attachment
Dissociation
Dissociation
Elastic Scattering
Elastic Scattering
Excitation
Excitation
Dissociation
Angular Scattering
Excitation
Fluorescence
Tonization

Angular Scattering
Tonization
Recombination
Excitation
Excitation
Excitation

Elastic Scattering
Excitation
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Tonization
Ionization
Tonization
Tonization
Tonization
Excitation
Ionization
Tonization
Tonization
Bremsstrahlung
Attachment
Dissociation
Tonization
Tonization
Tonization
Tonization
De-excitation
De-excitation
Elastic Scattering
Angular Scattering
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15—-30 eV
15—30 eV
15—30 eV
15—30 eV
1-180 MeV
1-180 MeV
1-180 MeV
1-180 MeV
1—180 MeV
1-180 MeV
1-180 MeV
1—-180 MeV
20—50 eV
20—50 eV
20—50 eV
16—40 keV
16—40 keV
150—488 eV
150—488 eV
0—20 eV
0.05—1.5 Ry
6—10 eV
6—10 eV
0—-12 eV
0—12 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
1-160 eV
7—20 eV
7—20 eV
15—100 eV
15—100 eV
15 MeV
4—10 eV
4—10 eV
5—5000 eV
5—-5000 eV
5—-5000 eV
5—-5000 eV
0—10 a.u.
0—10 a.u.
0—10 a.u.
2—20 eV

E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T

1092
1092
1092
1092
1092
1092
1092
1093
1093
1093
1093
1094
1094
1094
1094
1094
1094
1094
1094
1095
1095
1095
1096
1096
1097
1097
1098
1099
1100
1100
1101
1101
1102
1102
1102
1102
1102
1102
1102
1102
1102
1102
1103
1103
1104
1104
1105
1106
1106
1107
1107
1107
1107
1108
1108
1108
1109



Angular Scattering

Tonization
Tonization

Angular Scattering

Excitation
Elastic Scattering
Elastic Scattering

Angular Scattering

Fluorescence
Tonization
Ionization
Dissociation
Recombination
Excitation
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Dissociation
Tonization

Angular Scattering

Tonization

Angular Scattering

Excitation

Angular Scattering
Angular Scattering

Tonization
Tonization

Angular Scattering

Ionization
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation

2—20 eV

2—20 eV

2—20 eV

17.5—50 eV
17.5—50 eV
0.025—15 eV
10—100 eV
10—100 eV

1-5 keV
3.8—2,000 eV
3.8—2,000 eV
0—20 eV

0—20 eV

0—20 eV

4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
4.6—6.5 threshold
5—2500 eV
5—2500 eV

102 eV

102 eV

80 eV

80 eV

28—108 eV
28—108 eV
28—108 eV
28—108 eV
953—-973 eV
953—-973 eV
103-10° K
103-10° K
103-10° K
103-10° K
103-10° K
103-10° K
103-10° K
103-10° K
103-10° K
10%-10° K
103-10° K
103-10° K
103-10° K

E/T
E/T
E/T

Exp
Th

Exp
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Th

Th

Exp
E/T
E/T
E/T
E/T
Exp

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1109
1109
1109
1110
1110
1111
1112
1112
1113
1114
1114
1115
1115
1115
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1117
1117
1118
1118
1119
1119
1120
1120
1120
1120
1121
1121
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
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Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Elastic Scattering
Angular Scattering
Total Scattering
Tonization
Angular Scattering
Excitation
Excitation
Elastic Scattering
Angular Scattering
Total Scattering
Excitation
Tonization
Angular Scattering
Ionization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Excitation
Excitation
Excitation
Excitation
Excitation
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
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103-10° K
103-10° K
103-10° K
10%-10° K
10%-10° K
103-10° K
103-10° K
103-10° K
10%-10° K
10%-10° K
10%-10° K
103-10° K
103-10° K
103-10° K
1-200 eV
1—200 eV
1-200 eV
1-200 eV
15—100 eV
15—100 eV

400—5000 T(eV)

10—-500 eV
10—-500 eV
10—-500 eV
10—-500 eV
10—-500 eV
200—-1500 eV
200—-1500 eV
14—2000 eV
14—2000 eV
14—2000 eV
14—2000 eV
14—2000 eV
14—2000 eV
14—-2000 eV
14—2000 eV
14—2000 eV
14—2000 eV
14—-2000 eV
14—2000 eV
14—2000 eV
14—2000 eV
14—2000 eV
0-2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—-2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—-2000 eV
0—2000 eV
0—2000 eV
0—2000 eV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1122
1123
1123
1123
1123
1124
1124
1125
1126
1126
1126
1126
1126
1127
1127
1128
1128
1128
1128
1128
1128
1128
1128
1128
1128
1128
1128
1128
1128
1128
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
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e + Feit
e + Art
e + H20
e + DQO
e + HQO
e —|— DQO
e + I47+
e + I48+
e + I49+
e + I50+
e + I51+
e + Cli5+
e + HQO
e + HQO
e + HQO
e + HQO
e + He
e + He
e + N2
e + Ng
e + Zn
e + Zn

Ionization
Tonization
Ionization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization

Elastic Scattering
Angular Scattering
Angular Scattering
Ionization
Ionization
Tonization
Tonization
Excitation
Attachment
Elastic Scattering
De-excitation
De-excitation
De-excitation
De-excitation
Recombination
Angular Scattering
Excitation
Excitation
Excitation
Attachment
Attachment
Dissociation
Dissociation
Recombination
Recombination
Recombination
Recombination
Recombination
Excitation
Attachment
Dissociation
Attachment
Dissociation
Angular Scattering
Tonization
Angular Scattering
Excitation
Fluorescence
Excitation
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0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
2—30 eV
2—30 eV
600 eV
600 eV

2—40 eV

745 MeV
4—-25 eV
0—100 K
0—100 K
0—100 K
0—100 K
100—3000 eV
415—-900 eV
415—-900 eV
0-3.2 Ry
0-70 eV
0—20 eV
0—20 eV
0—20 eV
0—20 eV
19.5—-22.5 keV
19.5-22.5 keV
19.5—-22.5 keV
19.5—-22.5 keV
19.5—22.5 keV
2.5—5 keV

5—14 eV
5—14 eV
5.6 keV
5.6 keV
8—20 eV
8—20 eV
16—20 eV
16—20 eV

E/T

Exp

1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1129
1130
1130
1131
1131
1132
1132
1132
1133
1134
1135
1136
1136
1136
1136
1137
1138
1138
1139
1140
1141
1141
1141
1141
1142
1142
1142
1142
1142
1143
1144
1144
1145
1145
1146
1146
1147
1147
1148
1148



Ionization

Elastic Scattering
Angular Scattering
Angular Scattering
Recombination
Electron Collisions
Angular Scattering
Tonization
Excitation
Excitation
Elastic Scattering
Elastic Scattering
Attachment
Excitation
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Excitation
Excitation
Excitation
Excitation
Excitation
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16—20 eV
2—25 eV
2—25 eV
2—25 eV
2—25 eV
2—25 eV

13.65—67.5 eV
13.65—67.5 eV

1.67-6.62 eV

1-500 MeV

1-500 MeV

10—-12.5 eV

10-12.5 eV

180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV

Th

Th

Th

Th

Th

Th

Th

Exp
Exp
Th

Th

Exp
Exp
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

1148
1149
1149
1149
1149
1149
1150
1150
1151
1152
1153
1153
1154
1154
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155



e + Xellt
e + Xel2t
e + Xel3t
e + Xeltt
e + Xe15+
e+ XelG+
e + Xel™
e + Xel8t
e + Xelot
e + Xe20+
e + Xe2lt
e + Xe22t
e + Xe23t
e + Xe24t
e + Xe25+
e + Xe26+
e + Xe2™t
e + Xe28t
e + Xe29t
e + Xe30t
e + Xe31+
e + X632+
e + Xe33t
e + Xe3*t
e + Xe3t
e + Xe36+
e + Xe37t+
e + Xe38t
e + Xe39t
e + Xet0t
e + Xetlt
e + Xe*2t
e + Xe43+
e + Xebt
e + Xe't
e + Xebt
e + Xeot
e + Xe10+
e + Xellt
e + Xel2t
e + Xel3t
e + Xel*t
e + Xe15+
e + Xel6t
e + Xel™
e + Xel8t
e + Xelot
e + Xe20+
e + Xe2!t
e + Xe22t
e + Xe23t
e + Xe24t
e + Xe25+
e + Xe26+
e + Xe2™t
e + Xe28t
e + Xe29t

Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Ionization
Ionization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
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180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—-8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
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CeH;CH,
CoH;CH;

Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Excitation
Excitation
Excitation
Excitation

Elastic Scattering
Dissociation
Dissociation
Dissociation
Elastic Scattering
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Excitation
Excitation
Excitation

Elastic Scattering
Excitation
Tonization

Angular Scattering
Tonization

Angular Scattering
Excitation
Ionization
Excitation
Excitation
Tonization
Tonization
Excitation
Dissociation
Excitation
Excitation
Excitation
Angular Scattering
Ionization

Angular Scattering
Excitation
Dissociation
Ionization

Elastic Scattering
Elastic Scattering
Angular Scattering

180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
180—8000 eV
100—500 eV
100—500 eV
100—500 eV
100—-500 eV
0—1 a.u.
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
0—600 meV
6—200 eV
6—200 eV
6—200 eV
730 eV

730 eV
112—-309 eV
112—-309 eV
112—-309 eV
1240—4260 eV
1240—4260 eV
1240—4260 eV
1240—4260 eV
14.5—17 eV
1-15 eV
1-15 eV
2—10 eV
2—10 eV
240—500 eV
240—500 eV
10—100 eV
10—100 eV
3—100 eV
3—100 eV
0.05—0.15 hartree
0.4—1000 eV
0.4—1000 eV

E/T

Exp

E/T
E/T
E/T
E/T
E/T
E/T
E/T

E/T

E/T
Th

E/T
E/T

1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1155
1156
1156
1156
1156
1157
1158
1158
1158
1158
1158
1158
1158
1158
1158
1158
1158
1158
1159
1159
1159
1160
1160
1161
1161
1161
1162
1162
1162
1162
1163
1164
1164
1165
1165
1166
1166
1167
1167
1168
1168
1169
1170
1170
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Excitation

Elastic Scattering
Excitation
Tonization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Total Scattering
Total Scattering
Total Scattering
Elastic Scattering
Angular Scattering
Tonization
Tonization
Attachment
Attachment
Dissociation
Dissociation
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Ionization
Fluorescence
Tonization
Dissociation
Recombination
Angular Scattering
Excitation
Excitation
Excitation
Attachment
Elastic Scattering
Angular Scattering
Excitation
Tonization
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0.4—1000 eV
0—800 Ry
0—800 Ry
50—350 eV
0—-0.5 eV
5.5—13.5 eV
5.5—13.5 eV
5.5—13.5 eV
5.5—13.5 eV
0—13.6 eV
0—13.6 eV
0—13.6 eV
0—13.6 eV
1-100 eV
1-100 eV
1-100 eV
1-100 eV
1-100 eV
1-100 eV
1-100 eV
1-100 eV
1-100 eV
0—10 eV
0—10 eV
15—100 eV
15—100 eV
0—16 eV
0—16 eV
0—16 eV
0—16 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
100—2000 eV
10—750 eV
10—750 eV
3.7 MeV

3.7 MeV
10—100 eV
10—100 eV
1-50 eV
1-50 eV
0—8 eV

0—-8 eV
112.6—268.6 eV
112.6—268.6 eV
112.6—268.6 eV

E/T
Th
Th

Th

E/T
E/T
E/T
E/T

1170
1171
1171
1172
1173
1174
1174
1174
1174
1175
1175
1175
1175
1176
1176
1176
1176
1176
1176
1176
1176
1176
1177
1177
1178
1178
1179
1179
1179
1179
1180
1180
1180
1180
1180
1180
1180
1180
1180
1180
1180
1180
1180
1180
1181
1181
1182
1182
1183
1183
1184
1184
1185
1185
1186
1186
1186
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e + P02

e + Xe

e + Xe

e + Xe

e + HQO

e + Si*t

e + Fe*t

e + P(CH3)3
e + P(CH3)3
e + P(CH3)3
e + P(CH3)3
e —|— H2+

e + HD*

e + H2+

e + HD+
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Ionization
Recombination
Dissociation
Dissociation
Recombination
Recombination
Excitation
Excitation
Detachment
Detachment
Detachment
Fluorescence
Fluorescence
Fluorescence
Elastic Scattering
Angular Scattering
Total Scattering
Elastic Scattering
Recombination
Excitation
Dissociation
Elastic Scattering
Excitation
Tonization
Dissociation
Dissociation
Recombination
Recombination
Attachment
Dissociation
Recombination
Excitation
Ionization
Dissociation
Dissociation
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Total Scattering
Total Scattering
Excitation
Excitation
Ionization
Tonization
Angular Scattering
Excitation
Ionization
Attachment
Dissociation
Elastic Scattering
Angular Scattering
Excitation
Excitation
Dissociation
Recombination
Dissociation
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75—450 eV
0—-250 G
50—7500 K
50—7500 K
50—7500 K
50—7500 K
100 eV

100 eV
0—50 eV
0—50 eV
0—-50 eV
0—-50 eV
0—-50 eV
0—50 eV
5—-10 eV
5—-10 eV
5—10 eV
0—1.2 Ry
0—186 eV
0—50,000 eV
0.4—400 eV
0.4—400 eV
0.4—400 eV
0.4—400 eV
0-2.2 eV
0—-2.2 eV
0—2.2 eV
0-2.2 eV
0—15 eV
0—15 eV
0—15 eV
0—70 eV
0—-70 eV
1—-1000 eV
1—-1000 eV
1-1000 eV
1-1000 eV
1-1000 eV
1—-1000 eV
1—-1000 eV
1-1000 eV
1-1000 eV
1-1000 eV
1—-1000 eV
1—-1000 eV
100—2500 eV
100—2500 eV
100—2500 eV
5—14 eV
5—14 eV
1-10,000 eV
1-10,000 eV
1-10,000 eV
60—85 Ry
0-0.2 eV
0-0.2 eV
0—210 eV

E/T
E/T
E/T
Th

Exp
Exp

1187
1188
1189
1189
1189
1189
1190
1190
1191
1191
1191
1191
1191
1191
1192
1192
1192
1193
1194
1195
1196
1196
1196
1196
1197
1197
1197
1197
1198
1198
1198
1199
1199
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1201
1201
1201
1202
1202
1203
1203
1203
1204
1205
1205
1206



Detachment
Recombination
Recombination
Angular Scattering
Tonization
Recombination
Angular Scattering
Ionization

Elastic Scattering
Angular Scattering
Excitation
Dissociation
Recombination
Excitation
Angular Scattering
Ionization
Angular Scattering
Tonization
Dissociation
Dissociation
Recombination
Recombination
Elastic Scattering
Angular Scattering
Tonization
Excitation
Excitation
Excitation
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization

Angular Scattering
Tonization
Excitation
Ionization
Ionization

Angular Scattering
Excitation
Recombination
Fluorescence
Excitation
Angular Scattering
Tonization

Elastic Scattering
Angular Scattering
Recombination
Recombination
Dissociation
Dissociation
Recombination
Recombination
Excitation
Excitation
Excitation

55

0—210 eV

2 x 1073-100 eV
2 x 1073-100 eV
113.5 eV

113.5 eV
45—65 eV

1 keV

1 keV

0—15 eV

0—15 eV

0—15 eV

3 x 1073-40 eV
3 x 1073-40 eV
3 x 1073-40 eV
112 eV

112 eV

2080 eV

2080 eV

0—-50 eV

0—50 eV

0—50 eV

0-50 eV
0.8—7 eV
0.8—7 eV

106 eV
0—5000 eV
0—5000 eV
0—5000 eV
0—5000 eV
0—5000 eV
0—5000 eV
0—5000 eV
0—5000 eV
0—5000 eV
14.6—25 eV
14.6—25 eV
125—-12,500 eV
125—-12,500 eV
125—12,500 eV
40—200 eV
40—200 eV
3—11 keV
3—11 keV
4.28—577 eV
5.6 keV

5.6 keV
10—100 eV
10—100 eV
0eV

0eV

0.001—1 eV
0.001-1 eV
0.001-1 eV
0.001-1 eV
8.8—25 keV
8.8—25 keV
8.8—25 keV

Exp
E/T
E/T

Exp
Th

E/T
E/T

Exp

E/T

1206
1207
1207
1208
1208
1209
1210
1210
1211
1211
1211
1212
1212
1212
1213
1213
1214
1214
1215
1215
1215
1215
1216
1216
1217
1218
1218
1218
1218
1218
1218
1218
1218
1218
1219
1219
1220
1220
1220
1221
1221
1222
1222
1223
1224
1224
1225
1225
1226
1226
1227
1227
1227
1227
1228
1228
1228



e + W57+

e + W58+

e + W59+

e + W60+

e + W61+

e + W62+

e + W63+

e + Kr

e + He

e + H2

e + C6H6

e + CGFﬁ

e + CeHyy
e + CgHyo
e + CgFyy
e + CgHys
e + CgHis
e + CgFig
e —I— CGHG

e + C@FG

e + CsHyy
e + CgHyo
e + CgF1y
e + CgHys
e + CgHis
e + CgFyg
e + C6H6

e + CGFﬁ

e + CeHyy
e + CgHyo
e + CgFyy
e + CgHyg
e + CgHis
e + CgFig
e + Be
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Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation

Elastic Scattering
Tonization
Tonization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Total Scattering
Total Scattering
Total Scattering
Total Scattering
Total Scattering
Total Scattering
Total Scattering
Total Scattering
Electron Collisions
Electron Collisions
Electron Collisions
Electron Collisions
Electron Collisions
Electron Collisions
Electron Collisions
Electron Collisions
Line Broadening
Tonization
Tonization

Elastic Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Ionization
Tonization
Tonization
Tonization
Excitation
De-excitation
De-excitation
Fluorescence
Fluorescence
Attachment
Attachment
Attachment
Elastic Scattering
Elastic Scattering

56

8.8—25 keV
8.8—25 keV
8.8—25 keV
8.8—25 keV
8.8—25 keV
8.8—25 keV
8.8—25 keV
20—100 eV
537—705 eV
537—705 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
30—5000 eV
2 x 10%-24 x 10* K
500 eV
5600 eV
2—2000 eV
2—2000 eV
10—25 eV
10—25 eV
10—25 eV
10—25 eV
10—-25 eV
10—-25 eV
10—25 eV
10—25 eV
30—36 eV
1—-2000 eV
1—-2000 eV
1-2000 eV
1-2000 eV
0—8 eV
0—-8 eV
0—-8 eV
0—-8 eV
0—8 eV

Exp

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th

1228
1228
1228
1228
1228
1228
1228
1229
1230
1230
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1231
1232
1233
1234
1235
1235
1236
1236
1236
1236
1236
1236
1236
1236
1237
1238
1238
1238
1238
1239
1239
1239
1239
1239
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Elastic Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Dissociation
Dissociation
Excitation
Excitation
Tonization
Tonization

Elastic Scattering
Angular Scattering
Elastic Scattering
Angular Scattering
Tonization
De-excitation
De-excitation
Elastic Scattering
Excitation

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Excitation
Excitation
Excitation
Excitation
Angular Scattering
Excitation
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Tonization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Excitation
Ionization
Excitation
Angular Scattering
Tonization
Tonization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Tonization

57

0—-8 eV

0—8 eV

0—8 eV

0—8 eV
9—-2495 eV
9-2495 eV
9—-2495 eV
9—2495 eV
9—-2495 eV
9—-2495 eV
5—100 eV
5—100 eV
0—14 eV

17.6 eV

17.6 eV
40-55 eV
40-55 eV
40-55 eV
40—55 eV
1-20 eV
1-20 eV
1-20 eV
1-20 eV
1-20 eV
1-20 eV
1-20 eV
1-20 eV
11-24 eV
11-24 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
13.7—1365 eV
400 eV

400 eV
20—200 eV
600 eV

600 eV

600 eV

17 eV

1-30 eV
1-30 eV
41-2500 eV

E/T
E/T
E/T

1239
1239
1239
1239
1240
1240
1240
1240
1240
1240
1241
1241
1242
1243
1243
1244
1244
1244
1244
1245
1245
1245
1245
1245
1245
1245
1245
1246
1246
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1247
1248
1248
1249
1250
1250
1250
1251
1252
1252
1253
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Xe26+
Sl2+
+ F88+
+ FelGJr
+ Fe24+
_|_ Fe25+
+ F826+
+ Ni10+
+ Ni18+
+ Ni26+
Ni27+
Ni28+
Cu11+
Cu19+
Cu27+
Cu28+
Cu29+
+ MoS+
+ M014+
e + Mo?*t
e + Mo3?t
e + Moo+
e + Mo#*t
e + Mo*?t
e + W6+
e + W28+
e _|_ W38+
e _|_ W46+
e + W56+
e + ‘;\]641L
e + W72+
e _|_ W73+
e _|_ W74+
e + Ar'4t
e + Be

e + Bet

e + Be?t
e + Be3t
e + Be

e + Be™'

e + Be?t
e + Be3t
e + He

e + He*

e + He

e + He*

e + AlT

e + Si*t

e + P3t

tH++ Attt

4+t A+

oo o0 oo oo oo oo oo oo oo o000 0000000

Attachment
Attachment

Elastic Scattering
Elastic Scattering

Total Scattering
Total Scattering
Excitation
Excitation
Excitation
Excitation
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Ionization
Ionization
Tonization
Excitation
Excitation
Tonization
Ionization
Recombination
Recombination
Recombination

58

0—5 eV
0—5eV

0-5 eV

0-5 eV

0-5 eV

0—-5 eV

0—20 eV
25—100 eV
10—1500 eV
10—225 Ry
4-50,000 eV
4-50,000 eV
4—50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4—50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4—50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4—50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4—50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4-50,000 eV
4—50,000 eV
4-50,000 eV
10—300 Ry
0.1—10,000 eV
0.1-10,000 eV
0.1—10,000 eV
0.1-10,000 eV
0.1-10,000 eV
0.1-10,000 eV
0.1—10,000 eV
0.1—10,000 eV
10~1-10° eV
10~ 1-10° eV
10~ 1-10° eV
10~1-10% eV
102-10" K
102-10" K
10%2-107 K

Th
Th
Th
Th
Th
Th
E/T
Exp
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
Th
Th
Th

1254
1254
1254
1254
1254
1254
1255
1256
1257
1258
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1259
1260
1261
1261
1261
1261
1261
1261
1261
1261
1262
1262
1262
1262
1263
1263
1263



e + S*t

e + CI°*
e + Arft
e + K7+
e + Cabt
e + Sct
e + Ti'0*
e _|_ V11+
e 4+ Crl2t
e + Mn13+
e + Feltt
e + Col'®*
e + Nil6+
e + Cul™
e + Zn'8t
e + Kr24t
e + Mo30+
e + Xe#?t
e + Fet

e + Nijlo+
e + AlZt
e + A112+*
e + Febt
e + Fel™
e + Ni19+
e + H

e + DgS*
e —|— HgS+
e + D38+
e + H3S+
e + CH4
e + CH4
e —I— H3+
e —|— H3+
e + Fg

e + Ni10+
e + Nil0+
e+ H
e+ H
e+ H

e + A

e + Na
e+ P

e + As

e + Sb

e + Bi

e + Xel0t
e+ H™

e + Sc3t
e + Ti*t
e + H2

e + DQ

e + Ar

e + Ar

e + Ar

e + Ar

e + He

Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Recombination
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Dissociation
Dissociation
Recombination
Recombination

Elastic Scattering
Electron Collisions

Dissociation
Recombination

Elastic Scattering

Excitation
Tonization

Angular Scattering

Excitation
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Recombination
Detachment
Recombination
Recombination
Tonization
Ionization

Angular Scattering

Tonization

Angular Scattering

Tonization

Angular Scattering

102-10" K
102-10" K
102-107 K
10%-107 K
10%2-107 K
102-10" K
102-107 K
102-107 K
10%2-107 K
10%2-107 K
10%2-107 K
102-107 K
102-107 K
102-107 K
10%-10" K
10%2-107 K
102-10" K
102-107 K
30-10° K
10%2-107 K
4.4—6.8log T K
4.4—6.8log T K
10%-10% K
17-12 A
17-12 A
0.0-1.0 Ry
0.0—0.1 eV
0.0-0.1 eV
0.0-0.1 eV
0.0-0.1 eV
30—5000 eV
30—5000 eV
1074-1.0 eV
107%-1.0 eV
0.0-12.0 eV
0—200 Ry
0—200 Ry
20—200 eV
20—200 eV
0—10,000 eV
0—10,000 eV
2—100 keV /u
8—5000 eV
8—5000 eV
8—5000 eV
8—5000 eV
1—1000 eV
0—170 eV
0—45 eV
0—45 eV

60 MeV; 2.4 keV; 0—20 a.u.
60 MeV; 2.4 keV; 0—20 a.u.

500 eV
500 eV
200 eV
200 eV
730 eV

Exp
Th
Th
Th
Th
Exp

Th
Th
Th

1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1263
1264
1265
1266
1266
1267
1268
1268
1269
1270
1270
1270
1270
1271
1271
1272
1272
1273
1274
1274
1275
1275
1276
1276
1277
1278
1278
1278
1278
1279
1280
1281
1281
1282
1282
1283
1283
1284
1284
1285
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Ionization
Tonization
Excitation
Ionization
Tonization

Elastic Scattering
Angular Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
De-excitation
De-excitation
Elastic Scattering
Tonization
Tonization

Angular Scattering
Total Scattering
Excitation
Dissociation
Angular Scattering
Tonization
Excitation
Excitation

Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Tonization
Dissociation
De-excitation
Elastic Scattering
Recombination
Tonization
Tonization

Line Broadening
Angular Scattering
Excitation
Dissociation
Elastic Scattering
Elastic Scattering
Elastic Scattering
Excitation
Excitation
Excitation
Angular Scattering
Excitation
Angular Scattering
Excitation
Excitation

730 eV Th
1-100 keV Th
1000—1600 eV Th
1000—1600 eV Th
1072-1 MeV Th
0.05—30 keV Th
0.05—30 keV Th
20-10% eV Th
20-10% eV Th
20-10% eV Th
18—500 eV Exp
18—500 eV Exp
0—-50 keV Th
0—-50 keV Th
0—-50 keV Th
0—-50 keV Th
0—-50 keV Th
0-50 keV Th
1076-1 eV Th
1076-1 eV Th
0.4 a.u. Th
1 keV E/T
1 keV E/T
10—60 eV Exp
10—60 eV Exp
10—60 eV Exp
612 eV Th
612 eV Th
612 eV Th
740—7800 eV; 5000—1,000,000 K Th
1.05—1.35 Ry E/T
0.1-1.6 Ry Th
0.1-1.6 Ry Th
0.1-1.6 Ry Th
0.1-1.6 Ry Th
0—500 keV Th
0—180 meV E/T
0—180 meV E/T
0—180 meV E/T
0—180 meV E/T
0.0075—0.01 a.u. Th
400—1000 eV E/T
16,000—28,000 K Exp
17.5—100 eV Exp
17.5—100 eV Exp
0—5.4 eV Th
0-5.4 eV Th
0—5.4 eV Th
0—-5.4 eV Th
0—-5.4 eV Th
0-5.4 eV Th
0—5.4 eV Th
30—200 eV E/T
30—200 eV E/T
11-14 eV Th
11-14 eV Th
0-7eV Th

1285
1286
1287
1287
1288
1289
1289
1290
1290
1290
1292
1292
1293
1293
1293
1293
1293
1293
1294
1294
1295
1296
1296
1297
1297
1297
1298
1298
1298
1299
1300
1301
1301
1301
1301
1302
1303
1303
1303
1303
1304
1305
1306
1307
1307
1308
1308
1308
1308
1308
1308
1308
1309
1309
1310
1310
1311
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Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Elastic Scattering
Angular Scattering
Total Scattering
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Excitation
Excitation
Attachment
Attachment
Dissociation
Dissociation
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Ionization
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization

Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Dissociation
Dissociation
Recombination
Recombination
Excitation
Excitation
Attachment
Dissociation
Elastic Scattering
Angular Scattering
Excitation
Excitation
Excitation
Angular Scattering
Excitation
Attachment

0—17 eV
0—17 eV
0—17 eV
0—17 eV
0—17 eV
0—17 eV
0—17 eV
0—17 eV
10—100 eV
10—100 eV
10—100 eV
1-10 eV
1-10 eV
1-10 eV
1-10 eV
1-10 eV
1-10 eV
0—16 eV
0—16 eV
0—16 eV
0—16 eV
10%-10° eV
102-10° eV
102-10° eV
102-109 eV
102-10° eV
10%-10° eV
102-10° eV
102-10° eV
102-10° eV
102-10° eV
10%-10° eV
102-10Y eV
102-10° eV
102-10° eV
102-109 eV
8—100 keV
1—100 eV
1-100 eV
1-100 eV
1—100 eV
1-19.5 eV
1-19.5 eV
1-19.5 eV
1-19.5 eV
1-19.5 ¢V
1-19.5 eV
0-7eV
0—7 eV
0—20 eV
0—-20 eV
0—20 eV
0.2—1000 eV
0.2—1000 eV
3-8 eV
3-8 eV
0.1—1000 MeV

Th
Th
Th
Th
Th
Th
Th
Th
E/T

E/T

E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
Exp

Th
Th
Th

1312
1312
1312
1312
1312
1312
1312
1312
1313
1313
1313
1314
1314
1314
1314
1314
1314
1315
1315
1315
1315
1316
1316
1316
1316
1316
1316
1316
1316
1316
1316
1316
1316
1316
1316
1316
1317
1318
1318
1318
1318
1319
1319
1319
1319
1319
1319
1320
1320
1321
1321
1321
1322
1322
1323
1323
1324
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Dissociation
Excitation
Ionization
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Dissociation
Dissociation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Tonization
Tonization
Ionization
Ionization
Ionization
Tonization
Tonization
Ionization
Ionization
Excitation
Detachment
Excitation
Ionization
Ionization
Excitation
Elastic Scattering
Angular Scattering
Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Excitation
Tonization
Ionization
Excitation
Angular Scattering
Tonization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Excitation
Excitation

300—400 eV
300—400 eV
300—400 eV

3 MeV; 300 deg K
0.5—420 MeV
3 MeV
14—350 MeV
250—2000 keV
30 keV

0.85 MeV

1 x 10°-1 x 1010 eV
0.85 MeV

10 keV; 300 deg K
50 keV; 300 deg K
2—12 eV
2—12 eV
2—12 eV
2—12 eV
0-10° K

0-108 K
0—800 Ry
0-10% K
0—1500 Ry
37—-205 eV
37205 eV
37-205 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—55 eV
0—15 eV
0—15 eV
500—1000 keV
500—1000 keV
56.38—80 eV
1-500 eV
1-500 eV
50—1000 eV
50—1000 eV
50—1000 eV
50—1000 eV
5eV

5.6 keV

5.6 keV
100—220 Ry
6—100 eV
6—100 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV

Exp

E/T

1325
1325
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1337
1337
1337
1338
1339
1340
1341
1342
1344
1344
1344
1345
1345
1345
1345
1345
1345
1345
1346
1347
1347
1348
1348
1349
1350
1350
1351
1351
1351
1351
1352
1353
1354
1355
1356
1356
1357
1357
1357
1357
1357
1357



S0O,Cl1
F

wn
598

SO,Cl1
F

w
o o O
[V

-

T XX P> Z T
(] ]

N

o o o o o 000 o0 o0 0 0 0
tH++tt++ A4+

Z

c o0
+4++
> Z
= 0 0

e + Kr
e + Xe
e—l—Hg
e—l—N2
e+BF3
e + BCl;3
e+BF3
e + BCl;3
e + Xe
e + Xe*
e + HF '
e + HF '
e + Zn
e + Batt
e + Lu
e + Hf
e + Lu
e + Hf
e + SF
e + HBr
e + DBr
e + HCI1
e + DCI1
e + HBr
e + DBr
e + HCI1
e + DCI1
e + UM+
e+U91+
e + Zn
e + Zn
e + He
e + He
e + He
e + Ne
e + Ne
e—l—Hgo
e—|—H20
e+Li2
e+Li2+
e—l—Hg

Excitation
Excitation
Tonization
Tonization
Ionization
Ionization
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Ionization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization

Elastic Scattering
Elastic Scattering

Tonization
Tonization
Excitation
Excitation
Dissociation

Recombination

Attachment
Excitation

Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering

Attachment
Attachment
Attachment
Attachment
Attachment
Dissociation
Dissociation
Dissociation
Dissociation

Recombination
Recombination

Fluorescence
Excitation

Angular Scattering

Excitation
Tonization

Elastic Scattering
Angular Scattering

Attachment
Dissociation
Ionization
Tonization
Excitation
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10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
10—2000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
0—4000 eV
20—2000 eV
20—2000 eV
20—2000 eV
20—2000 eV
1—-150 eV
1-150 eV
0.04—10 eV
0.04—10 eV
4—9.4 eV
5-5.2 keV
0-0.1 eV
0-0.1 eV
0-0.1 eV
0-0.1 eV
0—2 eV
0—12 eV
0—12 eV
0—-12 eV
0—12 eV
0—12 eV
0—12 eV
0—12 eV
0—12 eV
125 MeV /u
125 MeV /u
10—18 eV
10—18 eV

194.6—243 eV
194.6—243 eV
194.6—-243 eV

5—100 eV
5—100 eV
6—18 eV
6—18 eV
0—50 eV
0—50 eV
7—14 eV

Exp

E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th

1357
1357
1357
1357
1357
1357
1358
1358
1358
1358
1358
1358
1358
1358
1358
1358
1358
1358
1358
1358
1359
1359
1359
1359
1360
1360
1361
1361
1362
1363
1364
1364
1364
1364
1365
1366
1366
1366
1366
1366
1366
1366
1366
1367
1367
1368
1368
1369
1369
1369
1370
1370
1371
1371
1372
1372
1373
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Excitation
Elastic Scattering
Elastic Scattering
Elastic Scattering
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Excitation
Excitation
Tonization
Tonization
Bremsstrahlung
Bremsstrahlung
Bremsstrahlung
Bremsstrahlung
Ionization
Excitation
Tonization
Excitation
Excitation
Tonization
Elastic Scattering
Angular Scattering
Excitation
Recombination
Excitation
Excitation
Excitation
Recombination
Recombination
Excitation
Excitation
Recombination
Recombination
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
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2—6 eV

0.020—10 eV
0.020—10 eV
0.020—10 eV
0.020—10 eV
0.020—10 eV
0.020—10 eV

37.5—8436 eV

1-107 eV
1-107 eV
0.5—6500 Ry
0.5—6500 Ry
0.5—6500 Ry
0.5—6500 Ry
765 keV

765 keV

765 keV

765 keV

106 eV
10%-108 K

8 keV
10—1000 eV
10—1000 eV
15—150 eV
1-100 eV
1-100 eV
0—250 Ry

103-3 x 10° K

10°-10% K
0-2 x 10 K
200—5000 K
0.2—1000 eV
0.2—1000 eV
103-107 K
103-107 K
0—20 eV
0—20 eV
10%-107 K
10%-10° K
10%2-10° K
10%-10° K
10%2-10° K
10%2-10° K
102-10° K
102-10° K
102-10° K
10%2-10° K
10%2-10° K
102-10° K
102-10° K
102-10° K
10%2-10° K
10%2-10° K
10%2-10° K
102-10° K
10%-10° K
102-10° K

E/T
E/T
E/T
E/T
E/T
Th
Th
E/T
E/T
E/T
E/T
E/T
Th
E/T
E/T
E/T
Th
E/T
E/T
Th
Th
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1374
1375
1375
1375
1375
1375
1375
1376
1377
1377
1378
1378
1378
1378
1379
1379
1379
1379
1380
1381
1382
1383
1383
1384
1385
1385
1386
1387
1388
1389
1390
1391
1391
1392
1393
1394
1394
1395
1396
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397
1397



e —|— H30+
e + H30+
e + Xe10+
e + Ng
e + N2
e —I— N2

C,H4N,O4
e -|- C4H4N202

Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Recombination
Recombination
Recombination
Recombination
Tonization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Excitation
Excitation
Excitation
Excitation
Excitation
Ionization
Tonization
Tonization
Ionization
Tonization
Dissociation
Dissociation
Tonization
Ionization
Dissociation
Recombination
Recombination
Recombination
Excitation
Excitation
Dissociation
Excitation
Dissociation
Recombination
Recombination
Elastic Scattering
Angular Scattering
Tonization
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102-10° K
102-10° K
102-10° K
10%-10° K
10%2-10° K
10%2-10° K
102-10° K
104107 K
10%-107 K
0-75¢eV

0-75 eV

0.1-10 E;

0.1-10 E;

0.1-10 E

0.1-10 E;

0.1-10 E;

0.1-10 E;

0.1-10 E;

0.1-10 E;

0.1-10 E

0.1-10 E;

0—2.5 keV

0—2.5 keV

0—2.5 keV

0—-2.5 keV

60—1000 K

60—1000 K
1.0—400.0 eV
1.0—400.0 eV
1.0—400.0 eV
1.0—-400.0 eV
0.0-5.0 eV

0.0-5.0 eV

300 K

300 K

1-1000 eV

2 keV; 3.7 MeV /amu
2 keV; 3.7 MeV /amu
2 keV; 3.7 MeV /amu

Th
Th
Th
Th
Th
Th
Th
Exp

E/T

E/T

E/T

1397
1397
1397
1397
1397
1397
1397
1398
1398
1399
1399
1400
1400
1401
1401
1401
1402
1402
1402
1402
1402
1402
1402
1402
1402
1402
1402
1402
1402
1403
1403
1403
1403
1403
1403
1403
1403
1403
1403
1404
1404
1404
1404
1405
1405
1406
1406
1406
1406
1407
1407
1408
1408
1409
1410
1410
1410
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Tonization

Angular Scattering
Excitation

Elastic Scattering
Angular Scattering
Angular Scattering
Tonization
Tonization
Tonization
Tonization
Tonization
Bremsstrahlung
Angular Scattering
Tonization

Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Angular Scattering
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization

Elastic Scattering
Elastic Scattering
Angular Scattering
Angular Scattering
Excitation
Excitation

Elastic Scattering
Angular Scattering
Angular Scattering
Tonization
Dissociation
Dissociation
Recombination
Recombination
Elastic Scattering
Angular Scattering
Elastic Scattering
Angular Scattering
Excitation

Elastic Scattering
Angular Scattering
Angular Scattering
Excitation
Tonization

Elastic Scattering
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350 eV
10—100 eV
10—-100 eV
10—100 eV
10—100 eV
500 eV
500 eV
0-10% eV
0-103 eV
0-103 eV
0-10% eV
53 keV

114.3-127.5 eV
114.3—-127.5 eV

5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
5500 eV
1-100 eV
1-100 eV
1—-100 eV
1-100 eV
5—200 eV
5—200 eV
10~2-1 MeV
1072-1 MeV
1 keV

1 keV
7—35 MeV
7—35 MeV
7—35 MeV
7—35 MeV
1-100 eV
1-100 eV
9-30 eV
9-30 eV
0—65 eV
1072-10 eV
1072-10 eV
500 eV
500 eV
500 eV
1—-6 keV

E/T

E/T

E/T
E/T
E/T
E/T

E/T

E/T

1411
1412
1412
1413
1413
1414
1414
1415
1415
1415
1415
1416
1417
1417
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1418
1419
1419
1419
1419
1420
1420
1421
1421
1422
1422
1423
1423
1423
1423
1424
1424
1425
1425
1426
1427
1427
1428
1428
1428
1429



e + Mg
e + Be Z= 26-36
e + Be Z= 26-36
e + Be Z= 26-36
e + Cs
e + Cs
e + Cs

Elastic Scattering
Elastic Scattering
Elastic Scattering
Recombination
Elastic Scattering
Angular Scattering
Excitation
Dissociation
Excitation
Excitation
Excitation
Tonization
Ionization

Elastic Scattering
Angular Scattering
Excitation
Excitation
Angular Scattering
Excitation
De-excitation

Line Broadening
Excitation

Elastic Scattering
Excitation
Tonization

2.2.3 Heavy Particles Collisions

HT™ + Ne
HT 4+ Ar
HT 4+ Kr
HT 4+ Xe
Ht 4+ Ne
H™ 4+ Ar
HT™ + Ne
HT 4+ Ar
H* 4+ He
H'™ + He
Ht 4+ He
HT™ + He
H~ + He
H + H,

H + H»*
H + H,
H'™ + He
H™ + H,
H™ + H,
H+ 4+ He™"
H+ + H,O
H* + H,O
HT + He
H*T 4+ He
H™ + H,0
H™ + H,0
H™ + Ne + hv
H™ + Ar + hy

Ionization
Ionization
Tonization
Ionization

Total Scattering
Total Scattering
Ionization
Tonization
Charge Transfer
Total Scattering
Total Scattering
Ionization
Ionization
De-excitation
De-excitation
Excitation

Interaction Potentials

Dissociation
Tonization
Charge Transfer
Charge Transfer
Excitation
Charge Transfer
Total Scattering
Total Scattering
Tonization
Charge Transfer
Charge Transfer

67

1-6 keV

1—-6 keV

1-6 keV

260 K

0.06—20 eV
0.06—20 eV
0.06—20 eV

100 eV; 15—60 eV
100 eV; 15—60 eV

0—82 eV; 10,000—6,000,000 K

near threshold
near threshold
20—150 eV
11-13.7 eV
11-13.7 eV
11-13.7 eV
0—400 eV
40—100 eV
40—100 eV
500—2000 eV
500—2000 eV
500—2000 eV
7 eV

7 eV

7 eV

102-10% keV
102-10* keV
102-10* keV
102-10* keV
0.4—3 MeV
0.4—3 MeV
0.4—3 MeV
0.4—3 MeV
25 keV

25 keV

75 keV

75 keV

200 keV

0-6 x 10° K
0-6 x 10° K
0-6 x 10° K

25 keV

25 keV
0.5—4.0 a.u.
10 keV

10 keV
15—150 keV
15—150 keV
0.1-100 MeV
0.1-100 MeV
2—20 keV
2—20 keV

E/T
E/T
E/T
E/T
Exp

Exp
E/T
E/T
Th
Th
Th
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th

Th
Th
Th
Th
E/T
E/T
E/T
E/T
Exp

Exp

Exp

1429
1429
1429
1430
1431
1431
1431
1432
1432
1433
1434
1434
1435
1436
1436
1436
1437
1438
1438
1343
1343
1343
1291
1291
1291

1443
1443
1443
1443
1444
1444
1444
1444
1448
1448
1454
1454
1457
1459
1459
1459
1460
1462
1462
1464
1477
1477
1479
1479
1480
1480
1481
1481



H™ + H,
H* + HD
HT + HT
H™ + D,

HT + DT
H™ + T,

H™ + H,
H* + HD
HT + HT
H" + D,
HT + DT
H™ + T,

H™ + H,
Ht + HD
HT + HT
H* + D,
H™ + DT
H™ + T,

H + H,O0
H+ + H,O
Ht 4+ Ne
H* 4+ Ne
HT 4+ Ar
H + COt
Ht + CO
H" + H,
H' + He
H™ + H,O
H™ + H,O
H + H,

H~ + He
H~ + He
H~ + He
Ht + CyH,
HT +H

H-+H

H* + H*

H' + He
H* 4+ He
H™ + Li

H' 4+ Be
Ht 4+ He
H™ + Li

H* 4+ Be
Ht + CO
H™ + N,
H" + O,

H' + He
H*T 4+ He
H* 4+ H

H+H

Ht + He
Ht 4+ He
Ht + C

H* 4+ Na
H™ + Al

H'™ + Ca

Dissociation
Dissociation
Dissociation
Dissociation
Dissociation
Dissociation
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Dissociation
Dissociation
Charge Transfer

Tonization
Tonization

Charge Transfer
Charge Transfer

Tonization

Interaction Potentials

Charge Transfer

Tonization

Interaction Potentials

Total Scattering

Detachment
Tonization

Charge Transfer

Tonization
De-excitation
De-excitation
Ionization

Total Scattering
Total Scattering
Total Scattering

Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
De-excitation
Excitation

Total Scattering

Tonization
Ionization
Ionization
Ionization
Tonization
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10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
10—10,000 eV
8—3500 keV

8—3500 keV

0.6—20 keV

100—1000 keV
100—1000 keV
0.5—1000 eV /u
0.5—1000 eV /u
2.5—63 MeV/u

25—-5000 keV
25—5000 keV

200 keV

200 keV

200 keV

0.018—4 keV/amu
5—25 keV

107°-107' K
107%-107' K

2.5 MeV

2 MeV

2 MeV

2 MeV

2 MeV

2 MeV

2 MeV

10%-1.5 x 10* keV/amu
10%-1.5 x 10* keV/amu
10%-1.5 x 10* keV/amu
6 MeV

100—200 keV

2—-200 keV

2—-200 keV

6 MeV

6 MeV

0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp
Exp
E/T
E/T
E/T

E/T

E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
E/T
E/T
Th
Th
Th
Th
Th
Th

1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1482
1499
1499
1500
1503
1503
1513
1513
1516
1520
1528
1528
1529
1531
1531
1531
1532
1535
1536
1536
1544
1545
1545
1545
1545
1545
1545
1550
1550
1550
1554
1560
1564
1564
1566
1566
1567
1567
1567
1567



H™ + Ti
H* 4+ Fe
H™ 4+ Ni
H™ + Cu
H™ + Kr
H* 4+ Mo
H™ + Ag
H* + Sn
Ht + La
H™ + Nd
H™ + Hf
HT 4+ Au
HT +U
HT + A
H + CO*
Ht 4+ 0
H™ +0
H + Oy
H + H,
H + D,
H + H,
H + D,
H™ + H,
H™ + H,
H + CH,
H* + H,
H* + D,
H™ + H,
H™ + H,
H™ + H,
HT + NO
H™ + NO
H™ + O,
H™ + Oy
H + CH,
H + CD,
H + C,Hj
H + C,Dq
H + O,
H + O,
H + NH;
H" + N,
H +W
H +W
H™ + Gd
HT + Tb
H' + Dy
H' 4+ Ho
H* 4+ Er
HT 4+ Tm
H™ + Yb
Ht + Gd
HT 4+ Tb
H'™ + Dy
H* + Ho
H* + Er
H™ + Tm

Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization
Excitation

Charge Transfer
Total Scattering
Interchange reaction
Interchange reaction
Interchange reaction
Total Scattering
Total Scattering
Charge Transfer
Energy Transfer
Interchange reaction
Interchange reaction
Interchange reaction
Elastic Scattering
Charge Transfer
Energy Transfer
Charge Transfer
Excitation
Interaction Potentials
Excitation
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Tonization
Excitation
Ionization
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
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0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0.5—5000 MeV
0—300 eV
0.5—200 keV
0.5—200 keV
0.8—1.8 eV
1.48—1.94 eV
1.48—1.94 eV
1.48—1.94 eV
1.48—1.94 eV
20 eV

20 eV
250—500 K
0.1-0.5 eV
0.1-0.5 eV
4.7-10.0 eV
4.7—-10.0 eV
4.7—-10.0 eV
9.5—29.03 eV
9.5—29.03 eV
9.5 eV

9.5 eV

0.0—2.5 eV
0.0—2.5 eV
0.0—2.5 eV
0.0-2.5 eV
0.0—5000 eV
0—1.5eV
0—1.25 eV
0.1-10 MeV
0.4—2.0 MeV
0.4—2.0 MeV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV
75—300 keV

1567
1567
1567
1567
1567
1567
1567
1567
1567
1567
1567
1567
1567
1567
1574
1578
1578
1582
1587
1587
1587
1587
1593
1593
1594
1597
1597
1599
1599
1599
1602
1602
1605
1605
1606
1606
1606
1606
1609
1612
1617
1623
1624
1624
1627
1627
1627
1627
1627
1627
1627
1627
1627
1627
1627
1627
1627



H™ + Yb
Ht 4+ He
Ht 4 He
H* + H,
H™ + H
HT +D
H™ +H
HT +D
HT + Al
HT + Al
H™ + H,O
Ht 4+ He
Ht 4 He
Ht + Mg
H* + Mg
H™ + H
H™+T
HT +H
HT+T
Ht + Be
Ht + C
H + N
H™ + N
H +W
Ht + W
Ht 4+ Au
H™ + Pb
Ht 4+ Au
H™ + Pb
HT +H
H- 4+ H
H" + H,
H* + H,
H™ + Li
Ht 4+ Na
HT + K
H™ + Li
H™ 4+ Na
H + K
H™ + Li
Ht + Li
H™ + H,
H' + He
Ht 4 He
Ht 4 He
HT +H
Ht + He
H++U89+
H++U90+
Ht + Ce
Ht + Nd
H+ + Gd
H* 4+ Dy
H' 4+ Ho
H™ + H-
H + Xe
Ht + Li

Tonization
Charge Transfer
Tonization
Tonization

Elastic Scattering
Elastic Scattering
Total Scattering
Total Scattering
Elastic Scattering
Total Scattering
Tonization
Charge Transfer
Tonization

Elastic Scattering
Total Scattering
Elastic Scattering
Elastic Scattering
Total Scattering
Total Scattering

Heavy Particle Collisions
Heavy Particle Collisions

Elastic Scattering
Total Scattering
Excitation
Tonization
Excitation
Excitation
Ionization
Ionization
Excitation
Charge Transfer
Total Scattering
Ionization
Excitation
Excitation
Excitation
Ionization
Tonization
Ionization
Charge Transfer
Excitation
Charge Transfer
Charge Transfer
Total Scattering
Excitation
Excitation
Tonization
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Excitation
Charge Transfer
Tonization
Tonization

75—300 keV
0.5 MeV

0.5 MeV
1-60 MeV/u
1.9—-3.0 MeV
1.9-3.0 MeV
1.9-3.0 MeV
1.9-3.0 MeV
2.4—5.0 MeV
2.4—5.0 MeV
0.3—10 MeV /amu

500—2500 keV
500—2500 keV
1.4-3.4 MeV
1.4—-3.4 MeV
1.4-3.4 MeV
1.4—3.4 MeV
2—4 MeV

2—4 MeV
0.7—3.5 MeV
0.7-3.5 MeV
260—400 keV
260—400 keV
1-2.5 MeV
1-2.5 MeV
1-2.5 MeV
1-2.5 MeV
20—1000 keV/amu
0.5—12 keV

6 MeV

6 MeV
10°-10% keV
10°-10% keV
10°-10° keV
10°-10° keV
10°-10% keV
10°-10% keV
952500 eV /u
25-2500 eV /u
0.0003—62.5 eV /u
5—200 eV
5—200 eV
5—200 eV

40 keV

1-10 v(a.u.)
0—600 MeV /u
0-600 MeV /u
3—4 MeV

3—4 MeV

3—4 MeV

3—4 MeV

3—4 MeV
1-100 keV /u
0.1-6.5 MeV/amu
0.1-6.5 MeV/amu

E/T

E/T

E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Exp
Exp
Exp
Exp

Th
Th
Th

1627
1631
1631
1632
1635
1635
1635
1635
1636
1636
1638
1639
1639
1642
1642
1645
1645
1645
1645
1647
1647
1648
1648
1649
1649
1650
1650
1650
1650
1651
1655
1657
1657
1661
1661
1661
1661
1661
1661
1665
1665
1666
1668
1668
1668
1670
1672
1678
1678
1684
1684
1684
1684
1684
1692
1694
1694



HT 4+ Ar
H+H
HT + N
H-+H
H" + H,
H* + Be
H* 4+ Be
H+H
H + H,

Ht + C,H;N;0
Ht + C,H;N;0

H* 4+ Na
H* 4+ Na
H™ 4+ Na
H-+H

H + H

H + H,

H + D,

H + H,

H* 4+ H,
H* + D,
H + CH,4
H™ + H,
H™ + D,
Ht + H

Ht 4+ He
H™ + H

H* 4+ He
H* 4+ He
HT + C

HT + Si
Ht + Cu
H +Y

H™ + Cd
H™ 4+ Sb
Ht + Te
H' 4+ Dy
HT 4+ Ta
H* 4+ Re
H™ + Th
HT™ + He
H* 4+ H,
H* + N,
H™ +H

H™ + H

HT +H

Ht + He
H* + H,
H™ +H

H* 4+ He
H™ + H,
H™ 4+ Ar
H™ 4+ Ar
HT + He
H*T 4+ He
H* 4+ He
Ht + H,0

Ionization
Interaction Potentials
Interaction Potentials
Interaction Potentials
Tonization

Charge Transfer
Excitation
Interaction Potentials
Interaction Potentials
Total Scattering
Tonization

Charge Transfer
Excitation
Tonization

Line Broadening
Line Broadening
Excitation
Excitation
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Charge Transfer
Charge Transfer
Tonization
Ionization
Excitation
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization

Charge Transfer
Tonization

Total Scattering
Total Scattering
Total Scattering
Tonization
Tonization
Tonization

Charge Transfer
Total Scattering
Elastic Scattering
Total Scattering
Charge Transfer
Charge Transfer
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0.1-6.5 MeV/amu

R=0-6 a.u.
R=3-600 a.u.

0.095—1 MeV/amu
2.5 + 10~ 7-16 keV /amu
2.5+ 1077-16 keV /amu

0.1—100 MeV
0.1-100 MeV
1-107 eV

1-107 eV

1-107 eV
10,000 K
10,000 K

1.72 eV

1.72 eV
0.0-3.0 eV
0.0—1.2 eV
0.0-1.2 eV
0—-5000 K
0.1-0.5 eV
0.1-0.5 eV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
50—500 keV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
75-10° keV /amu
1-60 MeV
1-60 MeV

75 keV

75 keV

75 keV

75 keV

75 keV

75 keV
3—100 keV
3—100 keV
1.6—3.6 MeV
1.6—3.6 MeV
10~1-10 MeV
10~1-10 MeV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp
E/T
E/T
Th
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Exp

1694
1698
1700
1701
1702
1703
1703
1710
1710
1713
1713
1720
1720
1720
1725
1725
1729
1729
1733
1734
1734
1738
1739
1739
1741
1741
1741
1741
1742
1743
1743
1743
1743
1743
1743
1743
1743
1743
1743
1743
1745
1747
1747
1750
1750
1755
1755
1755
1755
1755
1755
1760
1760
1762
1762
1764
1764



H*T 4+ He
Ht + H,O
Ht + H,O
H* + H,O
H™ + H
H™ +H
H™ +H
Ht + H
Ht + He
Ht 4+ He
H' + He
H + Li

Ht + Li

H + Li

H™ + Li
H* + CH;
Ht + CH;
H™ + N,
H* + He
Ht + He
Ht 4 He
He + CS
He + CS
He + Li

He + Na
He + K

He + Li

He + Na
He + K
He?t + He
He + He
He + He*
He* + He*
HeQJr + Li2+
He + K

He + Rb
He?*t + C
He?t + C*
He2+ + C2+
He2+ + C3+
He?t + C4t
H62+ _+_ C5+
He + He + He
He + He,
He —+ N2
He* + Ny
He —+— N2
He* + N,
He +Y

He + La
He + Ce
He + Pr
He + Nd
He + Pm
He + Sm
He + Eu
He + Gd

Total Scattering
Total Scattering
Total Scattering
Tonization
Elastic Scattering
Total Scattering
Charge Transfer
Excitation
Charge Transfer
Total Scattering
Tonization
Charge Transfer
Charge Transfer
Tonization
Tonization
Charge Transfer
Excitation
Tonization
Charge Transfer
Total Scattering
Tonization

Line Broadening
De-excitation
Line Broadening
Line Broadening
Line Broadening

Interaction Potentials
Interaction Potentials
Interaction Potentials

Tonization
Tonization
Ionization
Ionization
Charge Transfer
De-excitation
De-excitation
Tonization
Tonization
Ionization
Tonization
Ionization
Tonization
Association
Association
Association
Association
Tonization
Ionization

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
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10~1-10 MeV
1071-10 MeV
0.15—72 MeV
0.15—72 MeV
1.8—3.2 MeV
1.8-3.2 MeV
1—400 keV
1—400 keV

2—6 MeV

2—6 MeV

2—6 MeV
0.001—-100 keV
0.001—-100 keV
0.001—-100 keV
0.001—-100 keV
50—10,000 eV
50—10,000 eV
1-5 MeV/u
630 keV

630 keV

630 keV
300—1500 K
300—1500 K
70—3000 K
70—3000 K
70—3000 K
70—3000 K
70—3000 K
70—3000 K
1-1.6 MeV /amu
107%-1073 K
1076-1073 K
107%-1073 K
0.5—4.0 a.u.
360—480 K
360—480 K
0.03—10 MeV /u
0.03—10 MeV/u
0.03—10 MeV/u
0.03—10 MeV /u
0.03—10 MeV /u
0.03—10 MeV /u
1 mK

1 mK

10—500 meV
10—500 meV
10—500 meV
10—500 meV

Exp

E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th

1764
1764
1765
1765
1769
1769
1775
1775
1776
1776
1776
1782
1782
1782
1782
1783
1783
1784
1785
1785
1785
1441
1441
1445
1445
1445
1445
1445
1445
1447
1458
1458
1458
1464
1475
1475
1478
1478
1478
1478
1478
1478
1486
1486
1488
1488
1488
1488
1490
1490
1490
1490
1490
1490
1490
1490
1490



He + Tb
He + Dy
He + Ho
He + Er
He + Tm
He + Yb
He + Lu
He +Y
He + La
He + Ce
He + Pr
He + Nd
He + Pm
He + Sm
He + Eu
He + Gd
He + Tb
He + Dy
He + Ho
He + Er
He + Tm
He + Yb
He + Lu

He’" + H,0
He2+ —I— HQO

He + He

He + YbF
He + YbF
H(32Jr + H2
H82+ —|— DQ
He2+ =+ 02

He+ + HQO
He?* + H,O
He™ + H,0
He?t 4+ H,0

Het + H
He™ 4+ He
He + He
He + He
He* + He
He* + He*
He + He
He* + He
He* + He*
He + He
He* + He
He* + He*
He + H2
He + He
He + Ne
He + Ar
He + Kr
He’t + H
He?t + H
He?t + H
He + He*
He* + He*

Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Total Scattering
Tonization
Association

Elastic Scattering
Excitation

Charge Transfer
Charge Transfer
Charge Transfer
Dissociation
Dissociation

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Association
Association
Association
Association
Tonization

Ionization

Ionization
Interaction Potentials
Interaction Potentials
Interaction Potentials
Dissociation
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Charge Transfer
Excitation

Ionization
Association
Association
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50—10,000 keV/u
50—10,000 keV/u
5—20 mW /cm?
10731 K

1073-1 K
0.0035—2 keV/amu
0.0035—2 keV/amu
0.0035—2 keV /amu
0—10 keV/amu
0—10 keV/amu
0—10 keV/amu
0—10 keV/amu
50—5000 keV
50—5000 keV
1-10,000 p1 K
0.01-100 mK
0.01-100 mK
0.01-100 mK
0.01-100 mK
0.01-100 mK
0.01-100 mK

100-105 cm™1

0.003—38.4 MeV
0.003—38.4 MeV
0.003—38.4 MeV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T

Th
Th
Exp
Exp
Exp
E/T
E/T
E/T
E/T
E/T
E/T
Th
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1490
1491
1491
1493
1494
1494
1498
1498
1498
1502
1502
1502
1502
1505
1505
1510
1511
1511
1511
1511
1511
1511
1517
1517
1517
1533
1534
1534
1534
1534
1537
1537
1537
1538
1538



He + He*
He* + He*
He + He
He*t + H
He?t + H
He2t + H
He + He
He + He
He + SiS
He + NO
He + HQ
He?t + Zr
He?™ + Dy
He?t + U
He+ + N2
He+ + Ng
He2t + O
He?t + O
He + Ag
He + Ag
H62+ + HQO
He'™ + He
He?t + He
He'™ + He
He?t + He
Het + C
Het + Mg
Het + Ni
Het + Zr
He'™ + Sn
He™ 4+ Pb
Het + C
Het + Mg
Het 4+ Ni
Het + Zr
He* + Sn
He™ 4+ Pb
Het 4+ Au
He'™ + He
He?t + He
He'™ + He
He?t + He
He*t + H
He2t + H
He?t + D
He?t + T
He + He
He + He
Het + H,O
Het + H,O
Het 4+ H,O
He?t + He
He?’t + H
H82+ —+ N2
He?t + He
He2+ + H2
He?t + He

Ionization
Tonization
Ionization
Charge Transfer

Interaction Potentials

Excitation
Fluorescence
Tonization
Excitation
Excitation
Excitation
Ionization
Tonization
Tonization
Dissociation
Ionization

Elastic Scattering

Total Scattering

Elastic Scattering

Interaction Potentials

Tonization
Charge Transfer
Charge Transfer
Tonization
Tonization
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Charge Transfer
Charge Transfer
Tonization
Tonization
Excitation
Charge Transfer
Charge Transfer
Charge Transfer
Total Scattering
Tonization
Dissociation
Charge Transfer
Tonization
Tonization
Tonization
Fluorescence
Charge Transfer
Charge Transfer
Tonization
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100500 keV /u
5—300 keV/amu
5—300 keV/amu
5—300 keV/amu

17 eV

17 eV

0—1500 cm 1

0.1 eV

0-300 K

0—6000 keV

0—6000 keV

0—6000 keV
0.19—0.87 MeV /amu
0.19—0.87 MeV /amu

5—25 keV
5—25 keV
0.3—10 MeV /amu

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

1-100 keV
101-10* keV /amu
101-10* keV /amu
10%-10* keV /amu
10%-10* keV /amu
20—1000 keV/amu
301000 eV /amu
30—1000 eV /amu
30—1000 eV /amu
100 keV

100 keV

0.5—2 MeV
0.5—2 MeV
0.5—2 MeV

1-10 v(a.u.)
1—280 keV/u

4.3 MeV; 250—300 deg K
100 keV

100 keV

100 keV

Th
Th
Exp
Th
Th
Th
Exp
Exp
Th
Th
E/T

Exp

Exp

1538
1538
1539
1549
1549
1549
1563
1563
1572
1580
1610
1626
1626
1626
1630
1630
1634
1634
1637
1637
1638
1639
1639
1639
1639
1641
1641
1641
1641
1641
1641
1641
1641
1641
1641
1641
1641
1643
1646
1646
1646
1646
1651
1653
1653
1653
1656
1656
1660
1660
1660
1672
1673
1681
1688
1688
1688



H(32Jr —+ H2
He + SiS
He + He
He+ + 02
He+ —I— 02
Het + H
He?t + He
He2t 4+ Na
He + CH,4
He + CO,
He’t + H
He?t + He
He2t + H
He?t + He
He?t + C
He?t + Si
He?t 4+ Cu
He*t +Y
He?t + Cd
He?t + Sb
He?t + Te
He?* + Dy
He?t 4+ Ta
He2t 4+ Re
He?t + Th
He?t + H,0
He2+ —|— H2
H82+ -l- HQ
He + He
He + He,
He + He,
He2+ —I— Hgo
He2+ -+ HQO
He™ + Pt
Het + Bi
He'™ + Pt
He™ + Bi
He’t + H
He?t + He
He2t 4+ He
He?t + He
He?t + O
He?t + Ni
He?t + NiO
Li 4+ Ne

Li + Ar

Li + Kr

Li + Xe
Li* + Ne
Li* + Ar
Li* + Kr
Li* + Xe
Li + Ne

Li + Ar

Li + Kr

Li + Xe
Li* + Ne

Tonization
Excitation

Interaction Potentials

Dissociation
Tonization
Tonization
Charge Transfer
Excitation
Energy Transfer
De-excitation
Charge Transfer
Charge Transfer
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Dissociation
Charge Transfer
Ionization
Ionization

Elastic Scattering

Interaction Potentials

Total Scattering
Tonization

Excitation

Excitation

Tonization

Tonization

Charge Transfer
Charge Transfer
Total Scattering
Tonization

Charge Transfer
Charge Transfer
Charge Transfer
Line Broadening
Line Broadening
Line Broadening
Line Broadening
Line Broadening
Line Broadening
Line Broadening
Line Broadening

Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials

75

100 keV
300—1500 K
2-6 A
0.75—3.5 MeV
0.75—3.5 MeV
20—500 keV/amu
0.2—20 MeV
1-107 eV
10~7-3000 cm~!
1076-10% cm—!
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
0—2.5 MeV
1-5 keV
8—105 keV
8—105 keV
100 keV
1073-10 mK
1073-10 mK
0.15—72 MeV
0.15—72 MeV
2—3 MeV

2—3 MeV

2—3 MeV

2—3 MeV
1-1000 keV/u
2—6 MeV

2—6 MeV

2—6 MeV
64—500 eV
64—500 eV
64—500 eV
883 K

883 K

883 K

883 K

883 K

883 K

883 K

883 K

883 K

883 K

883 K

883 K

883 K

Th
Th
Exp
Exp

Th
E/T

Exp

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

1688
1693
1695
1699
1699
1712
1715
1720
1728
1732
1741
1741
1741
1741
1743
1743
1743
1743
1743
1743
1743
1743
1743
1743
1743
1746
1748
1748
1749
1756
1756
1765
1765
1767
1767
1767
1767
1774
1776
1776
1776
1779
1779
1779
1440
1440
1440
1440
1440
1440
1440
1440
1440
1440
1440
1440
1440



Li* 4+ Ar
Li* + Kr
Li* 4+ Xe
Li + Cs
Li + Cs
Li + Li,
Li + Liy
Li** 4+ He
Li + Cs
Li + Ne
Li + Ar
Li + Kr
Li + Xe
Li + He
Li 4+ Na
Li* 4+ Na
Li*t + H
Li3+ + H*
Lt + H
Li3t+ + H*
Li*t + H
Li3+ + H*
Li + Liy
Li3t 4+ He
Li*t + He
Lit 4+ He
Li?T 4+ He
Li3t 4+ He
Lit 4+ He
Li** 4+ He
Li3t + He
Li*t + H
Lit + H
Lit + H
Li3t + He
Lit + H,
Lit 4+ D,
Lit + H,
Lit 4+ D,
Lit 4+ H,
Lit 4+ D,
Li+ H

Li + Li

Li + NH;
Li + Li
Lit + H
Li>t + H
Li*T 4+ He
Li*t + H
Li3t 4+ He
L3t + H
Li*t + He
Li 4+ Na
Li + Li
Be + Hg
Be + Be
Be't + H

Interaction Potentials
Interaction Potentials
Interaction Potentials
Elastic Scattering
Interaction Potentials
De-excitation

Elastic Scattering
Charge Transfer
Association
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Tonization

Tonization

Ionization

Charge Transfer
Charge Transfer
Excitation
Excitation

Ionization

Ionization

Excitation

Charge Transfer
Tonization

Charge Transfer
Charge Transfer
Charge Transfer
Ionization

Tonization

Tonization

Excitation

Charge Transfer
Excitation

Ionization
De-excitation
De-excitation

Elastic Scattering
Elastic Scattering
Excitation
Excitation
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Tonization

Tonization

Charge Transfer
Charge Transfer
Charge Transfer
Tonization

Tonization

Elastic Scattering
Interaction Potentials
Interaction Potentials
Interaction Potentials
Excitation

76

883 K
883 K
883 K
1077 cm~!

15.53—17.24x10% cm~!

1072 K

1079 K
50—5000 keV
0-10=% a.u.

100500 keV /u
700—1100 K
700—1100 K
10-107 eV /u
10-107 eV/u
10-107 eV/u
10-107 eV/u
10-107 eV /u
10-107 eV /u
0.0-1.0K

10%-10* keV /amu
10*-10* keV /amu
101-10* keV /amu
10%-10* keV /amu
10%-10* keV /amu
10%-10* keV /amu

20—1000 keV/amu

25—2500 eV /u
25—2500 eV /u
1-10 v(a.u.)
107%-10~t cm~!
107%-107t cm !
107%-107 cm ™!
107610~ em™!
1076-107 ! ecm !
1076-10~! ¢cm~!

20—500 keV/amu
20—500 keV/amu
0.2—20 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0—-1200 G

2-11 A

0—6 a.u.

3.5—30 bohr

20—1000 keV/amu

E/T
E/T
E/T
Th
E/T
Th
Th
E/T
Th
Th
Th
Th
Th
Exp
Exp
Exp
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp
Th
Th
Th

1440
1440
1440
1484
1497
1501
1501
1505
1523
1526
1526
1526
1526
1539
1561
1561
1570
1570
1570
1570
1570
1570
1583
1639
1639
1646
1646
1646
1646
1646
1646
1651
1665
1665
1672
1676
1676
1676
1676
1676
1676
1698
1704
1705
1706
1712
1712
1715
1741
1741
1741
1741
1778
1780
1450
1463
1651



Be 4+ O

Be + Ot
Be + NH;
Be't + Na
B5+ + H
B~ + He
B~ + Ar
Bt 4+ Ne
B5t + He
B+ H

B5t + He
CG+ + A112+
C°t + H,0
Cc%t + H,0
Co+ + H
C6+ + H
CS*+ + He
C%t 4+ He
C%t 4+ He
C%t 4+ He
Ct 4 He
C2t 4 He
C3t 4+ He
C*t 4+ He
c3t 4+ CO
C** + H,0
C5+t 4+ CO
C>t 4+ CO,
Cc%+ + Cco
C%t + CO,
C%t 4+ He
CS%t + He
CG+ + I_I2
C6+ + H2
C%t 4+ He
C%t 4+ He
6+ + H,
CS%t 4+ He
C%t 4+ He
C + He
C*t 4 He
C*t 4+ Ne
C5t 4+ He
C°t+ + Ne
Cc%t + H,0
c%+ + Cco
C3*t + CHy
C** + CH,y
C°* + CH,
C%+ + CH,
Ct + Hy,0
C*T + CH,
Ct 4+ NH;
CT + Oy
Ct + C3H,
C + OH

C + H,

Interaction Potentials
Interaction Potentials
Interaction Potentials

Excitation
Excitation
Detachment
Detachment
Detachment
Tonization

Interaction Potentials

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Total Scattering
Tonization

Total Scattering
Tonization

Total Scattering
Tonization
Tonization
Tonization
Tonization
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Total Scattering
Tonization

Total Scattering
Tonization

Total Scattering
Tonization
Tonization

Total Scattering
Tonization
Tonization
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Dissociation
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Association
Association
Association
Association
Association

Interchange reaction
Interchange reaction

7

1-107 eV

20—1000 keV/amu

0.7—130 keV
0.7—130 keV
0.7—130 keV
1-10 v(a.u.)

0.2—20 MeV
laser plasma

1 keV/amu

1 keV/amu
400—643 MeV /u
400—643 MeV /u
100 MeV /u

100 MeV /u

100 MeV /u

100 MeV /u
25—500 keV /u
25-500 keV/u
25—-500 keV/u
240—-440 eV

100 MeV

100 MeV

6 MeV/u

6 MeV/u
3.6—100 MeV /u
3.6—100 MeV /u
2.5—63 MeV/u
100 MeV /u

100 MeV /u
100—500 keV /u
0.5—1 MeV/u
0.5—1 MeV /u
0.5—1 MeV/u
0.5—1 MeV /u
0.1-100 keV/u
0.39-0.8 a.u.
1.8—3.5 keV/amu
1.8—3.5 keV/amu
1.8—3.5 keV/amu
1.8—3.5 keV/amu
300 K

300 K

300 K

300 K

300 K

0.001-1.0 eV

150 MeV

Th
Th
Th
E/T
Th
Th
Th

E/T

E/T

E/T
E/T

1697
1697
1705
1720
1651
1658
1658
1658
1672
1698
1715
1442
1449
1449
1455
1455
1465
1465
1467
1467
1469
1469
1469
1474
1483
1483
1483
1483
1483
1483
1487
1487
1504
1504
1508
1508
1516
1527
1527
1539
1541
1541
1541
1541
1543
1555
1575
1575
1575
1575
1577
1577
1577
1577
1577
1608
1619



C* + Hy
C4+ + H
C4+ + D
C% + H,O0
C?>t 4+ He
C3t+ + He
C2t 4 He
C3t 4+ He
CT 4+ He
C2t 4+ He
C3t 4+ He
C*t 4+ He
C%t 4+ He
C%t 4+ He
C6+ + H
C*T + Si
C~ + He
C~ + Ne
C~ + Ar
C2t 4+ He
C3t 4+ He
CSt 4+ He
C*t 4 He
CG+ + H2
C+0

C + OH
C6+ + H
CS+ + He
C6+ + H
C%t 4+ He
C%t 4+ He
CS+ 4+ He
CS+ + He
Ct + C~
Ct 4+ C-
C2t 4+ Ne
C3t 4+ Ne
C + H,O
Cc%+ + H,0
Cc%t + H,0
C*t 4+ Ce
C* + Gd
C4+ + Dy
C*t 4+ Ho
C*t 4+ Er
C*t 4+ Ce
C* + Gd
C4+ + Dy
C* 4+ Ho
C*t 4+ Er
C%t 4+ He
C%t 4+ He
C%t 4+ He
N6+ + H,O
N+ + H,O
N3+ + H
N4+ 4+ CH,

Interchange reaction

Charge Transfer
Charge Transfer
Tonization
Charge Transfer
Charge Transfer
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization

Total Scattering
Tonization
Excitation
Recombination
Detachment
Detachment
Detachment
Tonization
Ionization
Ionization
Elastic Scattering
Tonization

Interaction Potentials
Interchange reaction

Charge Transfer
Charge Transfer
Ionization
Tonization
Tonization
Ionization
Ionization
Association
Ionization
Charge Transfer
Charge Transfer
Tonization

Total Scattering
Tonization
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Tonization
Ionization
Ionization
Ionization
Charge Transfer
Total Scattering
Tonization
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer

78

150 MeV
1072-10% eV/u
1072-10% eV/u
0.3—10 MeV /amu

0.4—6.4 MeV
0.4—6.4 MeV
0.4—6.4 MeV
0.4—6.4 MeV

100 MeV/amu

100 MeV /amu
20—1000 keV/amu

900—2200 keV/atom

1-81 keV/u
1-81 keV/u
1-81 keV/u
1-10 v(a.u.)
1-10 v(a.u.)
1-10 v(a.u.)
550—1500 K

0.095—1 MeV/amu

0.05—1.0 eV

0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV

2 keV; 3.7 MeV /amu

75-10° keV /amu
100 MeV /amu
0.01-10 eV
0.01-10 eV
80—400 keV /u
80—400 keV /u
6 MeV /u
0.15—72 MeV
0.15—72 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
2—6 MeV

2—6 MeV

2—6 MeV

1 keV/amu

1 keV/amu
0—14 eV
1.8—3.5 keV/amu

Th

Exp
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
Th
Th
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Exp

E/T

E/T
E/T
E/T
E/T
E/T
Th
Th
Th
E/T
E/T
Th
Th

1619
1625
1625
1638
1639
1639
1639
1639
1640
1640
1640
1640
1644
1644
1651
1662
1669
1669
1669
1672
1672
1672
1689
1702
1704
1735
1741
1741
1741
1741
1744
1745
1751
1758
1758
1761
1761
1763
1765
1765
1768
1768
1768
1768
1768
1768
1768
1768
1768
1768
1776
1776
1776
1449
1449
1453
1575



N5+ 4+ CH,
N6+ 4+ CH,
N+ 4+ CH,
N + H,

N + H,

N + H,

N + H,

N* 4+ Hs
N>t + H
N2+ + D
N4+ + H
N4+ + D
N2t 4+ He
N2t 4+ He
N7+ + H
N + H,

N* + H

N + H,

N + HD
N6+ + H,
N6+ + H2
N6+ + H,O
N6+ 4+ CH,
N+t 4+ C—
N+ 4+ C~
N+t 4+ He
N2t 4+ He
N3t 4+ He
Nt 4+ He
N2t 4+ He
N3+ 4+ He
O™f + H,0
0%t + H,0
O~ + H,
0%t 4+ CO
0%t 4+ CO,
O%* 4+ H,0
0%+ + CO
0%+ 4+ CO,
o™t 4+ CO
O™+ 4+ CO,
0%t 4+ H,0
0% 4+ CO
0%t + CO,
O** + Cqo
05T + Cgo
0" + Cqgo
O™ + Cqo
0% 4+ Cgo
o%+ + H,0
Ot + C,H,
O + He
0%t + H,0
O°* + CH,
0%+ 4+ CH,
O™+ 4+ CH,4
O + OH

Charge Transfer
Charge Transfer
Charge Transfer

Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization

Excitation

Interchange reaction
Interaction Potentials
Interchange reaction
Interchange reaction

Charge Transfer
Tonization
Dissociation
Dissociation
Association
Tonization
Excitation
Excitation
Excitation
Tonization
Ionization
Tonization
Charge Transfer
Charge Transfer

Interaction Potentials

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization

Tonization

Tonization

Tonization

Tonization

Charge Transfer
Charge Transfer
Tonization

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer

Interchange reaction

79

1.8—3.5 keV/amu
1.8—3.5 keV/amu
1.8—3.5 keV/amu
0.0-1.0 eV
0.0—-1.0 eV
0—600 K

150 MeV

150 MeV
1072-10% eV/u
1072-10% eV/u
1072-10% eV /u
10-2-10% eV /u

20—1000 keV/amu

213—-300 K
R=0-6 a.u.
150—-300 K
150—-300 K
8—105 keV
8—105 keV
30 keV

30 keV

0.01-10 eV
0.01—-10 eV
14—21 MeV
14—21 MeV
14—21 MeV
14—21 MeV
14—21 MeV
14—21 MeV
1 keV/amu
1 keV/amu

50 MeV
50 MeV
50 MeV
50 MeV
50 MeV
0.1-7.5 keV/u

0.018—4 keV/amu

100500 keV /u
0.1-100 keV /u
1.8—3.5 keV/amu
1.8—3.5 keV/amu
1.8—3.5 keV/amu
0.75 eV

1575
1575
1575
1592
1595
1611
1619
1619
1625
1625
1625
1625
1639
1639
1651
1687
1700
1740
1740
1748
1748
1753
1753
1758
1758
1766
1766
1766
1766
1766
1766
1449
1449
1473
1483
1483
1483
1483
1483
1483
1483
1483
1483
1483
1495
1495
1495
1495
1495
1525
1532
1539
1543
1575
1575
1575
1596



Interaction Potentials

Total Scattering

Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction

Total Scattering
Charge Transfer
Tonization
Tonization
Tonization
Tonization
Tonization
Excitation
Detachment
Detachment
Detachment
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer

Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials

Detachment
Detachment
Detachment
Ionization

Interchange reaction

Charge Transfer
Charge Transfer
Tonization
Tonization
Dissociation
Dissociation
Tonization
Tonization
Association
Ionization
Charge Transfer
Charge Transfer
Excitation
Excitation
Excitation
Excitation
Excitation
Tonization
Tonization
Tonization
Ionization
Ionization
Charge Transfer

80

0.75 eV
0.75 eV
0.0—1.0 eV
150 MeV
150 MeV
0.0—0.15 eV
0.0—0.15 eV

0.4—6.4 MeV
0.4—6.4 MeV
0.4—6.4 MeV
0.4—6.4 MeV

20—1000 keV/amu

0.7—130 keV
0.7—130 keV
0.7—-130 keV
0.3—-1.2 keV
0.3—-1.2 keV
0.3—1.2 keV
0.3—1.2 keV
0.3—1.2 keV
0.3—-1.2 keV
0.3—-1.2 keV
0.3—1.2 keV
0.3—1.2 keV
0.3—1.2 keV
0.3—-1.2 keV
0.3—1.2 keV
1-81 keV/u
1-81 keV/u
1-81 keV/u
1-10 v(a.u.)
100 K
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
30 keV

30 keV

30 MeV

30 MeV
0.01-10 eV
0.01-10 eV
80—400 keV /u
80—400 keV /u
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
12—14 MeV
0.5—2.5 MeV /u

Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T

E/T
E/T
E/T

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Exp

1596
1596
1598
1619
1619
1620
1620
1639
1639
1640
1640
1640
1640
1651
1658
1658
1658
1664
1664
1664
1664
1664
1664
1664
1664
1664
1664
1664
1664
1669
1669
1669
1672
1686
1741
1741
1741
1741
1753
1753
1754
1754
1758
1758
1761
1761
1768
1768
1768
1768
1768
1768
1768
1768
1768
1768
1515



F5t 4+ He
F6+ 4+ He
F’* + He
F&t + He
F%f + He
F4t 4+ He
F°* 4+ He
F6+ 4+ He
Ft + He
F&t + He
F%t + He
F 4+ HCI1
F + H,

F + H,

F + H,

F + H,

F + HD

F + H,

F 4+ HD

F + H,

F + Do

F + H»,

F + HD
F~ + He
F~ + Ne
F~ + Ar
F’+ + He
F7+ + H2
F~ + He
F~ + Ne
F~ + Ar
F%F 4+ He
F2* + Cqo
F2t 4+ Cqg
F2T + Cgo
F + CH,
F~ + Ar
F~ + Kr
F~ + Xe
F~ + Ar
F~ + Kr
F~ + Xe
F + H,O
Ne’t + H,0
Nel%* 4+ H,0
Ne™ + H,0
Ne’t + CO
Ne7+ -l- COQ
Ne' + Ar
Ne?t + Ar
Ne3t + Ar
Ne*t + Ar
Ne®t + Ar
Ne™ + Ar
Ne’t + Ar
Net + Ar
Ne?t + Ar

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Ionization
Tonization
Tonization
Tonization
Tonization
Tonization
Interchange reaction
Interchange reaction
Interaction Potentials
Interchange reaction
Interchange reaction
Interchange reaction
Interaction Potentials
Interaction Potentials
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Detachment
Detachment
Detachment

Charge Transfer
Charge Transfer
Detachment
Detachment
Detachment
Tonization
Dissociation

Charge Transfer
Tonization
Interchange reaction
Elastic Scattering
Elastic Scattering
Elastic Scattering
Detachment
Detachment
Detachment
Interchange reaction
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization
Tonization

81

0.5—2.5 MeV /u
0.5—2.5 MeV/u
0.5—2.5 MeV/u
0.5—2.5 MeV /u
0.5—2.5 MeV/u
0.5-2.5 MeV /u
0.5—2.5 MeV/u
0.5—2.5 MeV/u
0.5—2.5 MeV/u
0.5—2.5 MeV/u
0.5-2.5 MeV /u
4.3 kcal/mol
0.0—2.5 kcal/mol
0.0—2.5 kcal/mol
0.0—2.5 kcal/mol
0—0.8 kcal/mol
0—0.8 kcal/mol
0—0.8 kcal/mol
0—0.8 kcal/mol
0.0-1.0 eV
0.0-1.0 eV
0.0—1.2 kcal/mol
0.0—1.2 kcal/mol
0.7—130 keV
0.7—130 keV
0.7—130 keV
0.2—2 MeV/u
0.2—2 MeV /u
1-81 keV/u
1-81 keV/u
1-81 keV/u
1-10 v(a.u.)

6.8 keV

6.8 keV

6.8 keV

630 cm !
1072-100 eV
1073-100 eV
1073-100 eV
1073-100 eV
1073-100 eV
1072-100 eV

25 keal/mol

1 keV/amu

1 keV/amu

5—14 keV
5—14 keV
5—14 keV
5—14 keV
5—14 keV
5—14 keV
5—14 keV
5—14 keV
5—14 keV

1515
1515
1515
1515
1515
1515
1515
1515
1515
1515
1515
1586
1590
1590
1601
1613
1613
1613
1613
1614
1614
1615
1615
1658
1658
1658
1659
1659
1669
1669
1669
1672
1679
1679
1679
1730
1752
1752
1752
1752
1752
1752
1772
1449
1449
1483
1483
1483
1489
1489
1489
1489
1489
1489
1489
1489
1489



Ne3t 4+ Ar
Net + Ar
Net + Ar
Ne™ + Ar
Net + Ar
Ne2t + H
Ne?t + D
Ne + Ne
Ne + Ar
Ne + Kr
Ne + Xe
Ne + He
Ne + Ne
Ne + Ar
Ne + Kr
Ne + He

Ne!* + H,0

Ne + In
Ne + Sn
Ne + Sm
Ne + Tb
Ne + Ho
Ne + He
Ne* + He
Ne + H2+
Ne't + H
Ne*t + D
Nebt 4+ CcO
Net 4+ CO
Ne?t 4+ CO
Ne + Ag
Ne + Ag
Ne + Ne
Ne + He
Ne + Ne
Ne + Ar
Ne + H2
Ne -+ NQ
Ne + 02
Ne* + He
Ne* + Ne
Ne* + Ar
Ne* + Hs
Ne* + N
Ne* + 02
Ne + He
Ne + Ne
Ne + Ar
Ne + H2
Ne + NQ
Ne —+ 02
Ne* + He
Ne* + Ne
Ne* + Ar
Ne* + H,
Ne* —+ NQ
Ne* + O

Ionization
Tonization
Tonization
Tonization
Ionization
Charge Transfer
Charge Transfer

Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials

Ionization
Charge Transfer
Tonization
Ionization
Tonization
Ionization
Ionization
De-excitation
De-excitation

Interchange reaction

Charge Transfer
Charge Transfer
Excitation
Excitation
Excitation
Elastic Scattering

Interaction Potentials
Interaction Potentials

Association
Association
Association
Association
Association
Association
Association
Association
Association
Association
Association
Association
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
Elastic Scattering
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5—14 keV
5—14 keV
5—14 keV
5—14 keV
5—14 keV
60—1000 eV /u
60—1000 eV /u

100—500 keV /u
0.1-100 keV/u
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
10—1000 K
10—1000 K

1.0 eV

1072-10% eV/u
1072-10% eV /u
50—300 eV
50—300 eV
50—300 eV
5—25 keV

5—25 keV

2—6 A

11—-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11-27 meV
11-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11-27 meV
11-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
11-27 meV
11-27 meV
11—-27 meV

Exp

Exp

1489
1489
1489
1489
1489
1507
1507
1526
1526
1526
1526
1534
1534
1534
1534
1539
1543
1552
1552
1552
1552
1552
1562
1562
1607
1625
1625
1629
1629
1629
1637
1637
1695
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717



Ne + He
Ne + Ne
Ne + Ar
Ne -+ H2
Ne + N2
Ne —+ 02
Ne* + He
Ne* + Ne
Ne* + Ar
Ne* + H,
Ne* + N
Ne* + O,
Net +V
Net + V5,05
Net 4+ VO
Ne+ + V204
Na + Rb
Na + Ne
Na + Ar
Na + Kr
Na + Xe
Na~ + He
Na~ + Ne
Na~ + Ar
Na + Li
Na + NH;
Na + Na
Na + He
Na + He
Mg + NH;3
Al~ + He
Al~ + Ne
Al™ + Ar
Si’*T + Cqp
Si’™ + Ceo
Si®T + Ceo
Si®T + Ceo
SilO+ + CGO
Sill+ + CﬁO
Sil2+ + CGO
Sil3t + Cqo
Si14+ + CGO
Si*t + Au
Si*t + Bi
Si3t 4+ Th
Si3t + U
Si®t + Au
Si°*t + Bi
Si°t + Th
Si*t + U
Si%t 4+ Au
Si®t + Bi
Si%t 4+ Th
Si’t + U
Si3t + H
Si*t + H
Si*t + D

Ionization

Tonization

Ionization

Tonization

Ionization

Ionization

Tonization

Tonization

Tonization

Tonization

Ionization

Ionization
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Detachment
Detachment
Detachment
Interaction Potentials
Interaction Potentials
Interaction Potentials
De-excitation
Excitation
Interaction Potentials
Detachment
Detachment
Detachment
Tonization

Ionization

Tonization

Tonization

Ionization

Tonization

Tonization

Ionization

Tonization

Ionization

Ionization

Tonization

Tonization

Tonization

Ionization

Ionization

Tonization

Tonization

Tonization

Tonization

Ionization

Charge Transfer
Charge Transfer
Charge Transfer
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11-27 meV
11—27 meV
11—-27 meV
11-27 meV
11-27 meV
11-27 meV
11—27 meV
11—-27 meV
11-27 meV
11—-27 meV
11—-27 meV
11—-27 meV
15 MeV /u

15 MeV /u

15 MeV /u

15 MeV /u

770—477 nm

1-81 keV /u
1-81 keV/u
1-81 keV/u

R=3.25 — 100 a.u.

0.001-10 eV
0.001-10 eV

0.7—130 keV
0.7—130 keV
0.7—130 keV
2.33 MeV/u
2.33 MeV/u
2.33 MeV/u
2.33 MeV /u
2.33 MeV /u
2.33 MeV/u
2.33 MeV/u
2.33 MeV /u
2.33 MeV /u
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV
8.5—36 MeV

44-2444 eV Ju
1072-10% eV /u
1072-10% eV/u

E/T
E/T
E/T

1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1717
1757
1757
1757
1757
1496
1526
1526
1526
1526
1669
1669
1669
1691
1705
1706
1722
1722
1705
1658
1658
1658
1452
1452
1452
1452
1452
1452
1452
1452
1452
1548
1548
1548
1548
1548
1548
1548
1548
1548
1548
1548
1548
1556
1625
1625



Si— + He
Si— 4+ Ne
Si— + Ar
Si6+ + H,O
S + H,

S* + Hs
S%* 4+ co
ST 4+ Au
ST + Bi

S~ + He
S~ 4+ Ne
ST + Ar
S~ + He
S~ 4+ Ne
S™ + Ar
Cl't + H
Cl- + He
Cl~ 4+ Ne
Cl- + Ar
Cl- + He
Cl~ + Ne
Cl- + Ar
Ar'®t 4+ H,0
Ar + CO,
Ar'®t 4+ C
Ar8t + CO
Ar8t + CO
Ar + Ar
Ar + Kr
Ar + Xe
Ar + He
Ar + Ne
Ar + Ar
Ar + Kr
AI‘8+ + CQHQ

AI’18+ —|— H20

Ar + In

Ar + Sn

Ar + Sm
Ar + Tb
Ar + Ho
Arllt 4+ CO
Ar + Ar

Ar + Ar

Ar + Kr
Ar?t 4+ Krt
Art 4+ Ar
Art 4+ Ar
Ar 4+ Ag
Ar 4+ Ag
Art + CH4
AI’2+ —|— CH4
AI’3+ —|— CH4
.AIAjL + CH4
Ar®t + CHy
Arft 4+ CH,
AI‘7+ —I— CH4

Detachment
Detachment
Detachment
Tonization

Interchange reaction
Interchange reaction

Excitation
Tonization
Tonization
Detachment
Detachment
Detachment
Detachment
Detachment
Detachment

Charge Transfer

Detachment
Detachment
Detachment
Detachment
Detachment
Detachment
Ionization

Excitation

Charge Transfer

Dissociation
Tonization

Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials

Dissociation

Charge Transfer

Tonization
Ionization
Ionization
Tonization
Ionization
Dissociation

De-excitation
Energy Transfer
Energy Transfer
Energy Transfer
Elastic Scattering
Total Scattering
Elastic Scattering

Interaction Potentials

Dissociation
Dissociation
Dissociation
Dissociation
Dissociation
Dissociation
Dissociation
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1-81 keV/u
1-81 keV/u
1-81 keV/u

70—77 MeV /u

150 MeV
150 MeV
50—300 eV

12.8—120 MeV
12.8—120 MeV

0.7—-130 keV
0.7—-130 keV
0.7-130 keV
1-81 keV/u
1-81 keV/u
1-81 keV/u

10~%-1000 eV /u

0.7—-130 keV
0.7-130 keV
0.7—-130 keV
1-81 keV/u
1-81 keV/u
1-81 keV/u

70—77 MeV /u

300 K

13.6 MeV/u
1.1 a.u.

1.1 a.u.

1.2 MeV

0.1-100 keV /u
6—15 MeV /amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu

0.39—-0.8 a.u.
5—25 meV
5—25 meV

1073-10 eV
1073-10 eV
5—25 keV
5—25 keV
4.4 keV/u
4.4 keV /u
4.4 keV /u
4.4 keV/u
4.4 keV/u
4.4 keV/u
4.4 keV /u

E/T
E/T
E/T
Th
Th
Th
Exp
Exp
Exp
Th
Th
Th
E/T
E/T
E/T
Th
Th
Th
Th
E/T
E/T
E/T

E/T

1669
1669
1669
1439
1619
1619
1629
1652
1652
1658
1658
1658
1669
1669
1669
1521
1658
1658
1658
1669
1669
1669
1439
1471
1485
1509
1509
1526
1526
1526
1534
1534
1534
1534
1542
1543
1552
1552
1552
1552
1552
1555
1557
1557
1558
1558
1622
1622
1637
1637
1671
1671
1671
1671
1671
1671
1671



Ar!'™ 4+ CH,
Ar17+ + :N’2
Ar + Ar
Arl™t 4+ Ar
Ari®t 4+ Ar
Ar3it + H
Ar3t 4+ He
Ar3t + H
Ar3t + He
Art +V
AI’+ —|— V205
Art + VO
1&1‘Jr —+ V204
Art + H
Art + N
Art 4+ Ne
Art 4+ Ar
Art + Kr
Art + Xe
Art + U
Arit + H
Ar?t + N
Ar?t 4+ Ne
Ar?t 4+ Ar
Ar?t + Kr
Ar?t + Xe
Ar’t 4+ U
Ar't + Cgo
Ardt + C60+
Ardt + C6O2+
Ar®t 4+ Cg
Ardt + C6O+
ApSt + C602+
ArST + Cgo
Arbt + CGO+
Arpbt + 0602+
Ar™ 4 Cg
Ar™ 4 Cgo
Ar’t + C602+
Ar®t 4+ Cg
Ardt + Cﬁo+
ArS-‘r + 0602+
Ar®T + Cgo
Art 4 Cgot
Ardt 4 Cgo2t
Arplo+ + CﬁO
Arplo+ + CGO+
Arl0+ 4 Cgo2t
Art't 4 Cg
Art't 4 Cgo"
Ar11+ + 0602+
Arl2t + C60
Ar12+ + CGO+
Ar12+ + CGOQ+
Arldt + CGO
Arldt + CGO+
Ari3t £ Cgo2t

Charge Transfer
Charge Transfer

Interaction Potentials

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Ionization
Tonization
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
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13.6 MeV /u
13.6 MeV/u
2-6 A

5-2000 eV /u
5—2000 eV /u
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
0.02—100 MeV
15 MeV /u

15 MeV /u

15 MeV /u

15 MeV /u

1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV
13—60 keV

E/T

Exp

1674
1674
1695
1707
1707
1741
1741
1741
1741
1757
1757
1757
1757
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773



Apldt + C6O
Arpldt + CGO+
AI‘14+ + CGO2+
Ar'5t 4 Cg
Arls+ + C60+
Ar15+ + 0602+
Arpl6+ + CGO
Ar'®t 4 Cgot
AI'16+ + 0602+
Arl7+ + CGO
Arl7+ + C60+
ArlTt 4 Cgo2t
Arlst + CGO
Ar'8t £ Cgot
AI.18+ + C602+
Ar'5t 4 He
Arit 4+ He
Arl'™t 4+ He
Ari®t 4+ He
Ar'®t 4+ He
Ar'6t 4 He
Arl'™t 4+ He
Ari®t 4+ He
K + He

K + Rb

K + Rb

K + Ne

K + Ar

K + Kr

K + Xe

K + HF

K + NH;
K+ K

K+ 4+ He

K* + Ne

K™ 4+ Ar

K™ + Kr

K™ + Xe

K™ + H,

Kt 4+ H,O
Kt + N,

Kt 4+ He

K™ + Ne

K+ 4+ Ar

K+ 4+ Kr

K+ 4+ Xe

K™ + H,

K™ + H,O
K™ + N,

Ca + Ca

Ca + NH;
Ti + He

Ti + He

Ti + He
F626+ —+ HQO
FelG+ + 02
Fel7+ + O2

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Total Scattering
Total Scattering
Total Scattering
Total Scattering

Line Broadening
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interchange reaction
Interaction Potentials
Interaction Potentials
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization

Tonization

Tonization

Tonization

Tonization

Tonization

Tonization

Tonization
Interaction Potentials
Interaction Potentials
Elastic Scattering
Excitation
De-excitation

Charge Transfer
Charge Transfer
Charge Transfer
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13—-60 keV
13—-60 keV
13—60 keV
13—60 keV
13—60 keV
13—-60 keV
13—-60 keV
13—-60 keV
13—60 keV
13—60 keV
13—-60 keV
13—-60 keV
13—-60 keV
13—60 keV
13—60 keV
0.8—0.9 keV
0.8—0.9 keV
0.8—0.9 keV
0.8—0.9 keV
0.8-0.9 keV
0.8—0.9 keV
0.8—0.9 keV
0.8—0.9 keV
900 K

0.8—2.2 eV

1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u
1 MeV/u

52-19.9 K
52-19.9 K
0.001-6000 K
0.1-100 keV/u
1.10—2.45 keV
1.10—2.45 keV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

Exp

1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1777
1777
1777
1777
177
177
1777
1777
1456
1518
1519
1526
1526
1526
1526
1604
1705
1706
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1708
1704
1705
1553
1553
1781
1543
1573
1573



FelgJr + 02
Fe19+ + 02
Fe20+ + 02
F921+ + 02
F622+ + 02
F923+ + 02
Ni+ N
Ni28+ + C
Ni?t 4+ Ne
Ni?8t 4+ Al
Ni** + Ti
Ni%®+ + C,Hy

Ni28+ + (CgHg)n

Ni27+ + C
Ni27+ + N
Ni2™t + Ne
Ni?™+ + Al
Ni%?™* + Ti
Ni?™* + C,H,

Ni27+ + (CgH@)n

Cu+ H
Cu + He
Cu + Ne
Cu + Ar
Cu + Kr
Cu + Xe
Cu* + H
Cu* + He
Cu* + Ne
Cu* + Ar
Cu* 4+ Kr
Cu* 4+ Xe
Ge~ + He
Ge~ + Ne
Ge™ + Ar
Kr + Xe
Kr + Xe*
Kr* + Xe
Kr + Xe
Kr + Xe*
Kr* + Xe
KI‘34+ —|— H2
Kr + Kr
Kr + Xe
Kr + He
Kr + Ne
Kr + Ar
Kr + Kr
Kr + In
Kr + Sn
Kr + Sm
Kr +Tb
Kr + Ho
KI‘34+ + H2
Kr34+ + H2
Kr34+ + H2
KI‘34+ —I— NQ

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization
Tonization
Tonization
Ionization
Tonization
Tonization
Tonization
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Detachment
Detachment
Detachment
Association
Association
Association

Interaction Potentials
Interaction Potentials
Interaction Potentials

Tonization

Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials

Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
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1.10—2.45 keV
1.10—2.45 keV
1.10—2.45 keV
1.10—2.45 keV
1.10—2.45 keV
1.10—2.45 keV
200 MeV/u
200 MeV/u
200 MeV/u
200 MeV /u
200 MeV /u
200 MeV /u
200 MeV/u
200 MeV /u
200 MeV/u
200 MeV /u
200 MeV /u
200 MeV/u
200 MeV /u
200 MeV /u

1-81 keV/u
1-81 keV/u
1-81 keV/u
292—-299 nm
292—-299 nm
292—299 nm
292—299 nm
292—299 nm
292—-299 nm
2.5—63 MeV/u

6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu

60 MeV; 2.4 keV; 0—-20 a.u.

1-60 MeV /u
1-60 MeV
1—-60 MeV

E/T

1573
1573
1573
1573
1573
1573
1476
1476
1476
1476
1476
1476
1476
1476
1476
1476
1476
1476
1476
1476
1759
1759
1759
1759
1759
1759
1759
1759
1759
1759
1759
1759
1669
1669
1669
1446
1446
1446
1446
1446
1446
1516
1526
1526
1534
1534
1534
1534
1552
1552
1552
1552
1552
1628
1632
1747
1747



Krt 4+ V
I(I‘Jr + V205
Krt + VO
KI‘+ —I— V204
Kr't + H
Kr't + N
Kr't 4+ Ne
Kr't + Ar
Kr't 4+ Kr
Kr't 4+ Xe
Kr't + U
Rb + OH
Rb + OH
Rb + OH
Rb + NH
Rb + NH
Rb + NH
Rb + NH
Rb + NH
Rb + NH
Rb + Ne
Rb + Ar
Rb + Kr
Rb + Xe
Rb + Rb
Rb + NH;
Sr + NH3
Zr39+ + A
Ag47+ + H
Ag47+ + C
Ag47+ + Ar
Ag47+ + H
Ag47+ + C
Ag47+ + Ar
Agt +V
Ag® 4+ V,05
Agt + VO
Agt + V5,04
Ag + H

Ag + He
Ag + Ne
Ag + Ar
Ag + Kr
Ag + Xe
Agr + H
Ag* 4+ He
Ag* + Ne
Ag* + Ar
Ag* + Kr
Ag* 4+ Xe
I°T 4+ He
I°t + He
Xe54+ + C
Xeb%4t 4+ Ar
Xe?t 4+ C
Xe?t 4+ Ar
Xe + Xe

Fluorescence
Fluorescence
Fluorescence
Fluorescence
Tonization

Ionization

Tonization

Tonization

Tonization

Tonization

Tonization

Elastic Scattering
Interaction Potentials
Excitation

Elastic Scattering
Detachment
Excitation
De-excitation

Elastic Scattering
Excitation
Interaction Potentials
Interaction Potentials
Interaction Potentials
Interaction Potentials
Line Broadening
Interaction Potentials
Interaction Potentials
Excitation

Total Scattering
Total Scattering
Total Scattering
Ionization

Ionization

Tonization
Fluorescence
Fluorescence
Fluorescence
Fluorescence

Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Energy Transfer
Tonization

Tonization

Total Scattering
Total Scattering
Ionization

Tonization
Interaction Potentials
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15 MeV /u

15 MeV/u

15 MeV /u

15 MeV /u

1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV /amu
10761 K

10761 K

10751 K
1077-0.5 cm ™!
1077-0.5 cm™?
1077-0.5 cm ™!
1077-1—t em™!
1077-1—=t em™!
1077-1—"! em™!

16.5—30 deg C

0.1-2 GeV/u
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
15 MeV/u

15 MeV /u

15 MeV /u

15 MeV /u

1-10 v(a.u.)
1-10 v(a.u.)
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u

E/T

E/T
E/T
Th
Th
Th
Th
Th

1757
1757
1757
1757
1770
1770
1770
1770
1770
1770
1770
1470
1470
1470
1472
1472
1472
1524
1524
1524
1526
1526
1526
1526
1690
1705
1705
1512
1455
1455
1455
1455
1455
1455
1757
1757
1757
1757
1759
1759
1759
1759
1759
1759
1759
1759
1759
1759
1759
1759
1672
1672
1455
1455
1455
1455
1526



Xe + In
Xe + Sn
Xe + Sm
Xe + Tb
Xe + Ho
Xel®t 4+ He
Xe!8t 4+ Ne
Xel8t 4+ Ar
Xel®t 4+ Xe
X618+ + N2
Xet 4+ HCI1
Xel8t 4+ Ar
Xel8t 4+ Xe
Xe + NH;
Xe!"t 4+ Cg
Xelot+ + C?O
Xe'"t 4+ Cg
Xel9t+ + C7O
Xe + Xe
Xe + Xe
Xe3t + H
Xe3t + N
Xe3t 4+ Ne
Xe?t 4+ Ar
Xe3t + Kr
Xe3t + Xe
Xe*t + U
XelS+ + H
Xe18+ + N
Xel!8*t 4+ Ne
Xel®t + Ar
Xe!8t 4+ Kr
Xel?t 4+ Xe
Xe18+ + U
Cs + NH
Cs + NH
Cs + NH
Cs + NH
Cs + NH
Cs + NH
Cs + Ar
Cs + Ar
Cs + Cs

Cs + Ar
Cs + Cs
Cs* 4+ Cs*
Cs + Cs
Cs* + Cs*
Cs + Cs
Cs* 4+ Cs*
Ba + Ba
Ba + Ba*
Ba* + Ba*
Bat + He
Ba™* 4+ He
Bat + CO,
Bat + N,O

Ionization
Tonization
Ionization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization

Interchange reaction

Tonization
Tonization

Interaction Potentials

Dissociation
Dissociation
Charge Transfer
Charge Transfer
De-excitation

Elastic Scattering

Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Tonization

Elastic Scattering

Detachment
Excitation
De-excitation

Elastic Scattering

Excitation
Line Broadening
De-excitation

Interaction Potentials

Excitation
Energy Transfer
Energy Transfer

Interaction Potentials
Interaction Potentials

Tonization
Tonization

Line Broadening
Line Broadening
Line Broadening
Association
Association
Association
Association
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6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
6—15 MeV/amu
1-100 MeV /u
1-100 MeV/u
1-100 MeV/u
1-100 MeV/u
1-100 MeV /u
2.0-20.0 eV

0.1-6.5 MeV/amu
0.1-6.5 MeV/amu

57 keV

57 keV

57 keV

57 keV
293-373 K
293—-373 K
1-35 MeV /amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1077-0.5 cm ™!
1077-0.5 cm~?
1077-0.5 cm~*
1077-1—  em™!
1077-1—"t em™!
1077-1—"t em™!
23 deg C

23 deg C

2-6 A

0—100 Torr

100 p K

100 p K

100 p K

100 p K

100 1 K

100 p K
10—400 mb
10—400 mb
10—400 mb
3-25 K

3-25 K

300 K

300 K

E/T

Exp

1552
1552
1552
1552
1552
1569
1569
1569
1569
1569
1581
1694
1694
1705
1718
1718
1718
1718
1719
1719
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1472
1472
1472
1524
1524
1524
1547
1547
1695
1709
1711
1711
1711
1711
1711
1711
1466
1466
1466
1492
1492
1716
1716



Ba+ + 02
Hot 4+ V
Hot + V,05
Ho™ + VO
HO+ + V204
Yb + Yb
Au®t 4+ He
Au®t 4+ He
Aut + He
Au®t + He
Hg + Hg
Hg" + Hg
Hg" + Hg*
Hg + Hg
Hg* + Hg
Hg* + Hg”
Pb3* + Be
Pb81+ + C
Pbdlt+ 4+ Al
Pb3t + Ar
Pbd'*+ + Cu
Pb¥t 4+ Kr
P+ + Ag
Pbd'*t 4+ Sn
Pbdlt + Xe
Pb3t + Au
Pb%2+ + Be
Pb82+ + C
Pbd2t+ 4+ Al
Pb®t+ 4+ Ar
Pb%2t 4+ Cu
Pb%?t + Kr
Pbd2+ + Ag
Pb%2*+ 4 Sn
Pbd?t+ + Xe
Pb¥+t + Au
Pb3* 4+ Be
PbShL + N
Pbdlt+ 4+ Al
Pbdt+ 4+ Ar
Pb8t + Cu
Pbdt + Kr
Pb3t + Sn
Pb3t + Xe
Pbdt 4+ Au
Pb%?t+ + Be
Pb%t+ + N
Pb3+ 4+ Al
Pb3+t + Ar
Pb%2t+ 4+ Cu
Pb%t+ 4+ Kr
Pb¥+t + Sn
Pb¥t + Xe
Pb%2t + Au
Pbdt+ 4+ Be
Pb81+ + N
Pbdlt+ 4+ Al

Association
Fluorescence
Fluorescence
Fluorescence
Fluorescence
Excitation
Total Scattering
Tonization
Tonization
Tonization
Association
Association
Association

Interaction Potentials
Interaction Potentials
Interaction Potentials

Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Tonization
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Tonization
Tonization
Tonization
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300 K

15 MeV/u

15 MeV /u

15 MeV /u

15 MeV /u

0—1 mK
3.6—100 MeV /u
3.6—100 MeV /u
1-10 v(a.u.)
1-10 v(a.u.)
107191073 a.u.
1071%-1072 a.u.
10719-1072 a.u.
10719-1073 a.u.
10-19-1073 a.u.
10719-1073 a.u.
33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

33 TeV

160 GeV /amu
160 GeV/amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV/amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV/amu
160 GeV/amu
160 GeV/amu
160 GeV /amu

E/T

1716
1757
1757
1757
1757
1667
1508
1508
1672
1672
1514
1514
1514
1514
1514
1514
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1565
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633



Pb8't 4+ Ar
Pb3*+ + Cu
Pb3*t + Kr
Pb3t + Sn
Pb8t+ + Xe
Pb8t + Au
Pb%+ + Be
Pb82+ + N
Pb8?t + Al
Pb¥+* 4+ Ar
Pb¥* + Cu
Pb%+ + Kr
Pb%+ 4+ Sn
Pb¥+ + Xe
Pb¥+* + Au
Pb8t + Al
Pb*»t + H
Pb25+ + N
Pb?*+ + Ne
Pb2%* 4+ Ar
Pb%t + Kr
Pb2* 4+ Xe
Pb25+ + U
Bi®?* + Kr
Bi + He

Bi + He

Bi + He
U92+ + H
U92+ + C
U92+ + H
U92+ _|_ C
U90+ + HT
U91+ + H+
U91+ + A
U92+ + A
U91+ ‘I‘ Si
U90+ + Ar
U90+ + Kr
U90+ + Xe
U90+ + A
U2t 4+ Ar
uss+ + Ny
U2+ 4+ Ar
U2+ 4+ He
U18+ + H
U18+ + N
Ut 4+ Ne
Ut + Ar
Ut 4+ Kr
Ut 4+ Xe
U18+ + U
U28+ + H
U28+ + N
U2+ 4+ Ne
U28+ + Ar
U28+ + Kr
U28+ + Xe

Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Excitation
De-excitation
Energy Transfer

Interaction Potentials

Total Scattering
Total Scattering
Tonization
Tonization
Ionization
Ionization
Excitation
Excitation
Charge Transfer
Tonization
Ionization
Tonization
Tonization
Ionization
Charge Transfer
Ionization
Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
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160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV/amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
160 GeV /amu
33 TeV

1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV /amu
1-35 MeV/amu
0.1-2 GeV/u
0.5 K

0.5 K

0.5 K

400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
400—643 MeV /u
0.1-1.0 GeV/amu
0.1-1.0 GeV/amu
0.1-2 GeV/u
0.1-2 GeV/u
20 MeV/u

223.2 MeV /u
923.2 MeV /u
223.2 MeV/u
223.2 MeV/u
1-100 MeV/u
90 MeV

0.1-6.5 MeV/amu
1 MeV

1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu

E/T

E/T
E/T
Th
Th
Th
Th
Th
Th
E/T
E/T

Th
Th
Th
Th
Th

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1633
1675
1770
1770
1770
1770
1770
1770
1770
1512
1714
1714
1714
1455
1455
1455
1455
1461
1461
1512
1512
1540
1568
1568
1568
1568
1569
1654
1694
1696
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770



H,; + Hy
H, + H>0
H, + H,0
H, 4+ Hy
H2+ + He
H2+ + He
HD* 4+ He
D + CH,
DT +D
DT +D
CH™ + CH

Ionization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Detachment
Detachment
Detachment
Detachment
Tonization
Ionization
Ionization
Tonization
Tonization
Tonization
Tonization
Ionization
Ionization
Ionization
Tonization
Tonization
Ionization

Line Broadening
Interaction Potentials
Elastic Scattering
Energy Transfer
De-excitation
De-excitation
Excitation

Energy Transfer
Excitation
Interchange reaction
Interchange reaction
Interchange reaction
Excitation
De-excitation
Excitation
Excitation
Excitation
Excitation
Dissociation

Charge Transfer
Interchange reaction
Interchange reaction
Elastic Scattering
Total Scattering
Interaction Potentials
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1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV /amu
1-35 MeV /amu
1-35 MeV/amu
1-35 MeV/amu
1—35 MeV/amu
1-35 MeV /amu
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
25—1000 keV
5,600—9,500 cm~!

1076-102 K
1076-10° K
20—2000 K
20—2000 K
20—2000 K
0.1-1.0 eV
0.1-1.0 eV
0.0—-0.6 eV
0.0—-2.0 eV
200—2000 K
0—1.2 eV
2-10,000 K
2-10,000 K
200—-5000 K
0—-1500 K
0.001-1.0 eV
10 keV

10 keV
0.0—2.0 eV
0-5000 K
1.8—3.2 MeV
1.8—3.2 MeV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp
Exp
Th
Th

Exp
Th

1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1770
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1721
1451
1468
1546
1546
1571
1571
1571
1585
1585
1588
1589
1591
1600
1685
1685
1724
1726
1731
1771
1771
1589
1738
1769
1769
1559



CH; + CH,
CO,* + He
N, + Ny

N2+ + He
N2+ + He
N2+ + He
N, 4+ Ny

Ny* + Ny

N2 + Ny

No* + N»

N> + H,O
N, 4+ Ny

N.* + H,O
N* + Ny

N2 + Ny

N; 4+ O,

Ny* + Ny
Ny* + Oy
NH + NH
NH + NH
02 + He

02 + He

O; + Oy

Br; 4+ H»
SiH, + H
SiH, + H
HF + H

HF + H

OH + O

OH + H,
OH + O

Ky + K

Ky + K

Nas + Na
Nas; + Na
Cy™ + Si

C: + Hy

C, + Hy
HCOT + He
HCO™' + Ar
Cg —+— He

C3 + He

ASt 4+ He
A"t + He
A%t + He
A%t + He
At 4+ He
LiH+ H
CaH + CaH
CaH + CaH
MgH + MgH
MgH + MgH
BaOt + CO
H™ + H Z= 63-92
H™ + He Z= 63-92
H™ + Li Z= 63-92

Interchange reaction
Dissociation
Interaction Potentials
De-excitation
Energy Transfer
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
De-excitation
Elastic Scattering
Elastic Scattering
Excitation

Energy Transfer
Interaction Potentials
Interchange reaction
Interaction Potentials
De-excitation
Interchange reaction
Interchange reaction
Interchange reaction
Interchange reaction
Elastic Scattering
Excitation

Elastic Scattering
Excitation
Recombination
De-excitation
Excitation

Line Broadening
Line Broadening
De-excitation
Excitation

Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Charge Transfer
Interchange reaction
De-excitation
Elastic Scattering
De-excitation
Elastic Scattering
Association

Charge Transfer
Charge Transfer
Charge Transfer
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0—-5000 K
1-9 keV

1076-10% cm™!
1076-10% em ™!
1078-10° em ™!
3 MeV; 300 deg K
3 MeV; 300 deg K

4.3 MeV; 250—300 deg K
4.3 MeV; 250—300 deg K

10 keV; 300 deg K
10 keV; 300 deg K
10 keV; 300 deg K
10 keV; 300 deg K
50 keV; 300 deg K
50 keV; 300 deg K
50 keV; 300 deg K
50 keV; 300 deg K
10-%-0.5 K
107%-0.5 K
10721072 K
1079-1072 K
150—450 K

300—1600 K
300—1600 K
0.00—0.03 eV
0.00—0.03 eV
0.0—-0.8 eV
200—2400 K
0—350 K
107°-1072 K
107°-1072 K
1079-1072 K
1079-1072 K
900—2200 keV /atom
0.1-4000 cm !
0.1—4000 cm !
77—-296 K
77—-296 K
5—15 K

5—15 K
0.35—0.49 a.u.
0.35—0.49 a.u.
0.35—0.49 a.u.
0.35—0.49 a.u.
0.35—0.49 a.u.
10—10,000 K
1076-05 K
107%-0.5 K
107%-0.5 K
10-%-0.5 K
300 K

0—600 MeV /u
0—600 MeV /u
0—600 MeV /u

Th
E/T

E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T

Exp
Th
Th
Th

1738
1723
1468
1506
1506
1677
1680
1680
1681
1681
1682
1682
1682
1682
1683
1683
1683
1683
1663
1663
1551
1551
1736
1468
1618
1618
1584
1584
1579
1603
1616
1551
1551
1551
1551
1662
1737
1737
1530
1530
1576
1576
1522
1522
1522
1522
1522
1727
1663
1663
1663
1663
1716
1621
1621
1621



2.3 Surface Interactions

H' + LiF
H* + LiCl
H'™ + NaCl
H* + KCl
H™ + NaF
H™ + KBr
H* + Nal
H™ + KI
H* + Rbl

H* + RbCl

Ht 4+ Lil
H* + RbF
H™ + KF

H'™ + RbBr

H' + LiBr

Ht + NaBr

HT + LiF
H™ + KCI
Ht 4+ KI
H+ C
Ht + C
H + Si
H+ C
Ht + Mo
Ht + Ni
Ht + C
H + Si
Ht + C
H + Ni
H™ + Ag
H + Fe
H + SS
H+W
H+ C
Ht + Fe
H+ + SS
H+W
Ht + C
H' 4+ Be
H+ C
H+W
H+W
Ht + Mo
Ht + Be
H + W
H+ C
Ht + W
Ht + W
Ht + W
H™ + Li
H™ + C
Ht 4+ Ni
Ht 4+ Au
H+ C
H+ C

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Reflection

Sputtering

Trapping, Detrapping
Reflection

Sputtering

Adsorption, Desorption
Sputtering

Sputtering

Reflection

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Sputtering

Sputtering

Reflection

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Reflection

Trapping, Detrapping
Trapping, Detrapping
Sputtering

Sputtering

Reflection

Reflection

Adsorption, Desorption
Reflection
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100—300 keV
100—300 keV
100—300 keV
2.5—3.5 MeV
2.5—3.5 MeV
50—150 eV
0—800 eV
200 eV

1-2 keV
100—1000 eV
300 deg K
10—750 eV
10-10% eV
1—4 keV

38 eV

300 deg K
1.7 keV

1.7 keV
100—400 eV
80—450 eV
5—140 eV
2—30 eV

30—350 eV
1 keV
1 keV

100 eV

100 eV

100 eV

500 eV

500 eV
5—-200 keV
5—-200 keV
0.1—1000 eV
0.1-1000 eV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
E/T

1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1789
1789
1789
1790
1790
1795
1803
1804
1829
1830
1851
1860
1862
1866
1869
1869
1871
1873
1874
1874
1875
1878
1879
1880
1881
1881
1882
1883
1884
1885
1890
1890
1891
1893
1893
1900
1900
1909
1909



H* 4+ Cu
H- + Na + Cu
H™ + Cu
H~ + Na + Cu
H™ + Cu
He + Fe
He' + Fe
He + Fe
He' + Fe
He + Na + Cu
He + Cu
He + Xe
Het 4 NiAl
Het™ + Si
He™ 4+ Ni
He + Si
He'™ + Cu
Het + Al
Het 4+ Al
He™ + Al
He + Al

He + Al

He + Al
Het + Al
He + Al
He™ 4+ Al
He+ + Hgo
He + Ni

He + LiF
He + LiF
He + Lil
He + C

He + Al
He' + Fe
Het 4 SS
He™ + Al
He™ 4+ Ni
Het + Au
Het + Ni
He'™ + Cu
He?t + Al
He?t + Fe
He?t + Ni
He?t + Gd
He + LiF
Het 4+ H,O
He™ 4+ NaCl
He' 4+ Cu
He + Al

He + Al

He + C
He?t + O
He?t + Ni
He?t + NiO
He?t + O
He?t + Ni
He?t + NiO

Secondary Electron Emission
Reflection

Reflection

Neutraliz., Ioniz., Dissoc.
Neutraliz., Toniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., IToniz., Dissoc.
Sputtering

Sputtering

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Sputtering

Secondary Electron Emission
Reflection

Secondary Electron Emission
Neutraliz., Ioniz., Dissoc.
Reflection

Neutraliz., Ioniz., Dissoc.
Reflection

Reflection

Neutraliz., Ioniz., Dissoc.
Neutraliz., Toniz., Dissoc.
Sputtering

Sputtering

Reflection

Trapping, Detrapping
Reflection

Reflection

Reflection

Trapping, Detrapping
Trapping, Detrapping
Reflection

Reflection

Reflection

Neutraliz., IToniz., Dissoc.
Reflection

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Reflection

Sputtering

Sputtering

Secondary Electron Emission
Reflection

Neutraliz., Ioniz., Dissoc.
Reflection

Reflection

Reflection

Reflection

Neutraliz., Toniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
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30 keV

2 keV

2 keV

2 keV

2 keV
0.2—14 eV
0.2—14 eV
0.2—14 eV
0.2—14 eV

0—140 MeV
0—140 MeV
1—-10 keV

4 keV

4 keV
1-500 keV
1-5 keV
1-5 keV
1-5 keV
1-5 keV
1-10 keV
1-10 keV
0.8—25 keV
0.8—25 keV
0.8—25 keV
0.8—25 keV

0.35—4.0 keV

10-10° eV

1 keV

1 keV

3 keV

100 eV

100 eV

20 keV

20 keV

2 keV

5—200 keV
5—-200 keV
1.5—2.0 keV
1.5—2.0 keV
200—1000 eV
200—1000 eV
200—1000 eV
200—1000 eV
3 keV

2 MeV

2 MeV

30 keV

2—8 keV
2—8 keV

63 MeV
64—500 eV
64—500 eV
64—500 eV
64—500 eV
64—500 eV
64—500 eV

Exp

E/T

E/T
E/T

E/T

1922
1928
1928
1928
1928
1798
1798
1798
1798
1805
1809
1809
1820
1825
1825
1826
1831
1835
1835
1835
1837
1837
1839
1839
1839
1839
1844
1862
1865
1865
1867
1868
1868
1870
1870
1899
1900
1900
1901
1902
1904
1904
1904
1904
1906
1915
1915
1922
1925
1925
1929
1930
1930
1930
1930
1930
1930



Lit + Ni
Lit + Cu
Lit + C
Lit 4+ C
Lit + Au
Lit + Au
Lit + Cu
Lit + Cu
Ct +C
CT + Al
C+ W
Ct+W
CQJr + C
C2+ 4+ Ni
CZ+ + Ag
C%t + Au
N + Al
Nt + H
Nt + He
Nt + Be
N+ + C
N+ 4+ O
Nt 4+ Ne
N+ 4+ Al
N+ + Si
Nt 4+ Ar
N* + Ti
Nt + Fe
N+ 4+ Ni
N+t 4+ Cu
NT 4+ Ge
Nt 4+ Kr
N+ 4+ Mo
Nt 4+ Cd
Nt + Sn
Nt 4+ Xe
Nt 4+ W
N* + Pt
Nt 4+ Au
N+ 4+ Pb
Nt 4+ Cu
N + Ni
ot + C

O + Ni
N63+ + A1203
Ne7+ —+— A1203
Net 4+ KClI
Ne’t + PET
Ne” + ClOH804
Ne2t + Si
Ne?t + W
Ne3t + Si
Ne3t + W
Ne*t + Si
Nelt + W
Ne®t + Si
Net + W

Reflection

Secondary Electron Emission
Reflection

Neutraliz., Ioniz., Dissoc.
Reflection

Neutraliz., Ioniz., Dissoc.
Reflection

Neutraliz., Ioniz., Dissoc.
Secondary Electron Emission
Secondary Electron Emission
Adsorption, Desorption
Adsorption, Desorption
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Sputtering

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions
Secondary Electron Emission
Sputtering

Secondary Electron Emission
Sputtering

Reflection

Reflection

Reflection

Reflection

Reflection

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission

96

4 keV

1-5 keV

2—5 keV

2—5 keV

0—2.2 keV

0—-2.2 keV

200—1800 eV
200—-1800 eV

2—20 keV

0.1-10 keV/amu
0—-100 eV

0—100 eV

1 keV; 3.6-11.4 MeV
1 keV; 3.6—11.4 MeV
1 keV; 3.6—11.4 MeV
1 keV; 3.6—11.4 MeV
2 keV

0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
17.5—-35 keV

10-10° eV

2—20 keV

10-10° eV

10—140 keV

10—140 keV

1-5 keV

3—40 keV

3—40 keV

42—-72 keV

42-72 keV

42—-72 keV

42—-72 keV

42—-72 keV

42—-72 keV

42—-72 keV

42—-72 keV

E/T
E/T
E/T
E/T
Th

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

1825
1831
1838
1838
1852
1852
1927
1927
1817
1824
1876
1876
1914
1914
1914
1914
1823
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1841
1861
1862
1817
1862
1786
1786
1792
1801
1801
1821
1821
1821
1821
1821
1821
1821
1821



Neft + Si
Nebt + W
Ne™ + Si
Ne™ + W
Nedt + Si
Ne + Al
Ne + Si
Ne' + Cu
Ne + Ni
Nat™ 4+ Cu
Nat 4+ Al
Nat 4+ Au
Al + Al
Alt 4+ Al
Sit + Al
Sit + Al
Sit + Al
Sit + Si
Sit + Al
Sit + Si
Sit + Cs
Pt 4+ Al
Pt + Si

.AI‘Jr + A1203
AI‘3+ —|— A1203

Ar™ + Al
Ardt + Al

Arl3t 4+ PET
.AI‘13Jr + ClOH804

Art + C
Ar + Ru
Ar + Ru

Art + GaAs

Art + Ag
ArT + Au
Ar3t 4+ Al
Artt 4+ Al
ArSt 4+ Al
ArSt 4+ Al
Ar™t 4+ Al
Artt + Al
Ar9t 4+ Al
Arl0t 4+ Al
Arllt 4+ Al
Ar'?t 4+ Al
Ar3t 4+ Al
Ar3t 4+ Si
Ar*t 4+ Si
ArSt 4+ Si
ArSt 4+ Si
Ar™ 4+ Si
Ar8t 4+ Si
Ar9t 4+ Si
Arl0t 4 Sj
Arllt 4+ Si
Ar'?t 4+ Sj
Ari3t 4+ Si

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Sputtering

Sputtering

Secondary Electron Emission
Sputtering

Neutraliz., Toniz., Dissoc.
Secondary Electron Emission
Secondary Electron Emission
Sputtering

Secondary Electron Emission
Reflection

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Reflection

Reflection

Neutraliz., Toniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Reflection

Reflection

Sputtering

Reflection

Surface Interactions
Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission

97

4272 keV
42—72 keV
42—72 keV
42—72 keV
42—-72 keV
2 keV
1-500 keV
1-5 keV
10-10° eV

200—1000 eV
200—1000 eV
2 keV
0.1-10 keV/amu
2 keV

2 keV

1-5 keV

1-5 keV
2—5 keV
2—5 keV
2—5 keV

1-5 keV

1-5 keV
10—140 keV
10—140 keV
2 x 10% cm/s
2 x 10% cm/s
3—40 keV
3—40 keV
0—800 eV
0—-0.2 eV

0.8 eV
50—200 eV
100—1500 eV
100—1500 eV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
7.5—32.5 keV
42—72 keV
42—72 keV
42—-72 keV
42—72 keV
42—T2 keV
42—72 keV
42—72 keV
42—-72 keV
42—72 keV
42—72 keV
42—72 keV

1821
1821
1821
1821
1821
1823
1826
1831
1862
1903
1920
1920
1823
1824
1813
1813
1819
1819
1845
1845
1845
1819
1819
1786
1786
1794
1794
1801
1801
1803
1807
1808
1815
1816
1816
1818
1818
1818
1818
1818
1818
1818
1818
1818
1818
1818
1821
1821
1821
1821
1821
1821
1821
1821
1821
1821
1821



Ar + Al

Art 4+ Al

Ar + Si

Art 4+ Cu

Art + N + Cu
Art 4+ O 4+ Cu
Art +S + Cu
Art + Cl 4+ Cu
ArT + Br + Cu
Art 4+ SiO,
Art 4+ MgO
Art + BaO
Art 4+ Al

Art + Al

Art 4+ Al

AI‘+ + HQO
Art 4+ Ni

Art 4+ NijAl
Art 4 NizAl
Art + Si

Art 4+ Ti

Art + C

Art 4+ Cr

Art 4+ Si

Art 4+ Cr

Ar + Ni

Art 4+ Cu + Pt
Art + Cu + Pt
Ar®t + Fe
Ar8t 4+ SS
Ar®t 4 Fe
Ar9t 4+ SS
Ariot 4+ Fe
Ar!ot 4+ 8S
Ar'2t 4+ Fe
Ar'?t 4SS
Ar®t 4+ Fe
Ar®t 4+ Cu
Ar®t 4+ Ta
Ar®t + Au
Ar8t 4+ SS
Ar®t 4+ Fe
Ar®t 4+ Cu
Ardt 4+ Ta
Ar't + Au
Ar®t 4+ SS
Ar'?* 4 Fe
Ar'?t 4+ Cu
Ar'?t 4+ Ta
Ari?2t + Au
Ar'?t 4+ 8S

Ar + In

Art 4+ In

Art + W

Art 4+ Au

Art 4+ Si

Ar + W

Sputtering

Secondary Electron Emission
Sputtering

Secondary Electron Emission
Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Reflection

Secondary Electron Emission
Neutraliz., Ioniz., Dissoc.
Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Chemical Reactions
Sputtering

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Desorption

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Adsorption, Desorption

98

2 keV

0.1-10 keV/amu

1-500 keV
1-5 keV

4—5 keV

4-5 keV

4-5 keV

4-5 keV

4-5 keV
20—-120 eV
20—120 eV
20—-120 eV
1-5 keV

1-5 keV

1-5 keV
0.35—4.0 keV
4 keV

4 keV

4 keV

20—-30 keV
20—30 keV

1 keV

1 keV

1 keV

1 keV

10-10° eV
1—-320 keV
1-320 keV
5—100 MeV /u
5—100 MeV /u
5—100 MeV /u
5—100 MeV /u
5—100 MeV /u
5—100 MeV /u
5—100 MeV /u
5—100 MeV/u
5—17.7 MeV/u
5—17.7 MeV/u
5—-17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV /u
5—17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV /u
5—17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV/u
5—17.7 MeV/u
5—15 keV
5—15 keV
20-10° eV
20-10° eV
0.5—1.0 keV
1-63 MeV

Exp

E/T

Exp

1823
1824
1826
1831
1832
1832
1832
1832
1832
1834
1834
1834
1835
1835
1835
1844
1854
1854
1854
1855
1855
1856
1856
1858
1858
1862
1863
1863
1895
1895
1895
1895
1895
1895
1895
1895
1897
1897
1897
1897
1897
1897
1897
1897
1897
1897
1897
1897
1897
1897
1897
1908
1908
1910
1910
1916
1923



Ar + W
Ar + Pt
KT 4+ Si
K + Ag
Ni 4+ Ni
Cut + Al
Gat + Si
Ga' + Fe
Gat + SS
Kr¥t 4+ Al
Kr + Al
Krt + Al
Krt + SiO,
Krt 4+ MgO
Krt 4+ BaO
Kr + Ni
Krt + Be
Krt 4+ Cu
Krt 4+ CuBe
Agt + Ag
I51+ + W
1°2+ 4+ Be
I52+ + C
I52+ + Cu
I52+ _|_ AV
153+ + Be
I53+ + C
1°3+ 4+ Cu
I53+ + W
I52+ + Be
I52+ + C
1?2t + Cu
1521L + ALY
1°3+ 4+ Be
I53+ + C
I53+ + Cu
153+ + W
1?5t 4+ TiO,
30t 4+ TiO,
I3t 4+ TiO,
It 4+ TiO,
I+ + TiO,
10t + TiO,
Xedt 4+ Al
Xe?t 4+ PET
Xe25+ —I— 010H804
Xett 4+ Si
Xe*t + W
Xe + Al
Xe + Si
Xet + SiO
Xe™ + MgO
Xet + BaO
Xe + Si

Xe + Ni
Xet + Si
Xet 4+ Cu

Reflection

Sputtering

Reflection

Reflection

Sputtering

Secondary Electron Emission
Sputtering

Surface Interactions

Surface Interactions
Neutraliz., Toniz., Dissoc.
Sputtering

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Sputtering

Sputtering

Sputtering

Sputtering

Surface Interactions
Neutraliz., Toniz., Dissoc.
Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions

Surface Interactions
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Toniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Toniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Toniz., Dissoc.
Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Neutraliz., Ioniz., Dissoc.
Reflection

Reflection

Sputtering

Sputtering

Sputtering

Sputtering

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Neutraliz., Ioniz., Dissoc.
Sputtering

Sputtering

Desorption

99

1-63 MeV
5 keV

0.025—1.0 keV
0.025—1.0 keV

10-10° eV

0.1-10 keV/amu

2—30 keV
30 keV

30 keV

2 x 10% ecm/s
2 keV

0.1-10 keV/amu

20—120 eV
20—120 eV
20—120 eV
10-10° eV

5 keV

5 keV

5 keV

5 keV
255—284 keV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—-186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—186 eV
182—-186 eV
100—300 keV
100—300 keV
100—300 keV
100—300 keV
100—300 keV
100—300 keV
2 x 105 cm/s
3—40 keV
3—40 keV

1 keV

1 keV

2 keV

1-500 keV
20—120 eV
20—120 eV
20—120 eV
300 deg K
10-10° eV
250—2000 eV

1.4 MeV /amu

Exp

Exp

Exp

Exp

Exp
Exp
E/T
Exp
Th

1923
1926
1907
1907
1862
1824
1814
1896
1896
1794
1823
1824
1834
1834
1834
1862
1917
1917
1917
1905
1788
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1799
1836
1836
1836
1836
1836
1836
1794
1801
1801
1802
1802
1823
1826
1834
1834
1834
1847
1862
1864
1913



Xet + Rh
Xet + Au
Xet 4+ Cu
Xet + Rh
Xet + Au
Xet 4+ C
Xet 4+ Mo
CsT + C
Cst 4+ Mo
Cst + Ag
Cst + Si
CsT™ 4+ Si
Cs™ + Ag
Pr57+ + W
H065+ + W
Aut + C
Bi73+ + W
Bi74+ + W
Bi75+ + W
Bi76+ + A%
Bi’7t+ + W
Bi78+ + W
Bi79+ + W
Bi80+ + A%
Bi®¥'t + W
U91+ _+_ Si
U73+ + Fe
U73+ + SS
hr 4+ NiFe

hy + NisMnGa

hy + Al
e + PET

e + C1oHgO,

e+ C
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Desorption

Desorption

Surface Interactions
Surface Interactions
Surface Interactions
Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Sputtering

Reflection

Reflection

Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Sputtering

Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Neutraliz., Toniz., Dissoc.
Desorption

Desorption

Sputtering

Sputtering

Secondary Electron Emission
Reflection

Reflection

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission
Desorption

Reflection

Secondary Electron Emission
Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

Reflection

100

1.4 MeV /amu
1.4 MeV /amu
1.4 MeV /amu
1.4 MeV /amu
1.4 MeV /amu
30—1000 eV
30—1000 eV
14.5 keV

1-5 keV

5 keV
250—2000 eV

0.025—1.0 keV
0.025—1.0 keV

255—284 keV
255—284 keV
120 MeV
255—284 keV
255—284 keV
255—284 keV
255—284 keV
255—284 keV
255—284 keV
255—284 keV
255—284 keV
255—284 keV
20 MeV/u
5-100 MeV/u
5-100 MeV /u

2.6—13.1 J/cm?
2.6—13.1 J/cm?

44—100 eV
500—1000 eV
500—1000 eV
0-5 keV
0-5 keV
0—5 keV
0—160 eV
8—21 eV
8—21 eV
500—3000 eV
0.2—1.0 keV
0.2—1.0 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
0.2—30 keV
1—-4 keV
1—-4 keV
1—4 keV
5—40 keV
5—40 keV

Th
Th
Th
Th
Th
Th
Th
Exp

Exp

Exp

E/T

1913
1913
1913
1913
1913
1919
1919
1822
1828
1846
1864
1907
1907
1788
1788
1827
1788
1788
1788
1788
1788
1788
1788
1788
1788
1796
1895
1895
1800
1800
1840
1793
1793
1810
1810
1810
1811
1833
1833
1848
1857
1857
1859
1859
1859
1859
1859
1859
1859
1859
1859
1859
1894
1894
1894
1898
1898



Qa9

u

Ag

e + Ti02

e + Ti02

H, + Pd

H; 4+ Pt

H, + NiAl

H, + ZrVFe
H," 4+ Ni

H," + C

H,™ + C

H2 —+— Co

H, + Ni

H2 + Cu

H2 + Ru

H: + Rh

H; 4+ Pd

H2 + Ir

H, + Pt

H; + CO + Co
H; + CO + Ni
H; + CO + Cu
H2 + CcO + Ru
H; + CO + Rh
H, + CO + Pd
Hs, + CO + Ir
H; 4+ CO + Pt
H; 4+ Pd

H,™ + C

H2 —|— Fe

H, 4+ SS

H2Jr + Fe

H,™ + SS

H; + C

H,™ + C

HgJr + Be

H, + W

H, + W

H2+ —|— Mo
Hy™ + W

H,™ + C

H," + C

H2Jr + Mo
Hy™ + W

H," + WO;3
H," + C

H;, + C

H,™ + WO;
H;* + C

H;* + C

H;" + C

H;" + C

H;t + W

Hg+ + Mo
H;t + W

+4+++

e
e
e
e

Reflection

Secondary Electron Emission
Secondary Electron Emission
Secondary Electron Emission

Desorption

Sputtering

Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Reflection

Surface Interactions
Sputtering

Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Neutraliz., Ioniz., Dissoc.
Sputtering

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Reflection

Trapping, Detrapping
Sputtering

Reflection

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Adsorption, Desorption
Sputtering

Trapping, Detrapping
Surface Interactions
Sputtering

Sputtering

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping

101

5—40 keV

1 keV; 3.6—11.4 MeV
10—100 keV

10—100 keV

20—45 eV

20—45 eV

0—600 meV

0—600 meV

0—600 meV

1-2 keV
100—1000 eV
100—1000 eV
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
300 deg K
10—750 eV

0.5 keV
0.5 keV

80—450 eV
5—140 eV

30—350 eV

1 keV
10—1000 eV
3 keV
600—3000 eV
600—3000 eV
1.5 keV
0—100 eV
15—60 eV

10 keV
100—1000 eV
100—1000 eV
10—750 eV
80—450 eV

1 keV
600—3000 eV
600—3000 eV

Th
E/T

Exp

1898
1914
1921
1921
1924
1924
1806
1806
1806
1812
1829
1830
1830
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1849
1850
1860
1869
1869
1872
1872
1877
1878
1879
1881
1881
1882
1884
1886
1887
1888
1888
1889
1911
1912
1918
1830
1830
1860
1878
1884
1888
1888



Sputtering

Trapping, Detrapping
Reflection

Surface Interactions
Sputtering
Sputtering
Sputtering

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Sputtering
Sputtering

Reflection

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Reflection

Trapping, Detrapping
Trapping, Detrapping
Sputtering
Sputtering

Reflection

Surface Interactions
Sputtering
Sputtering

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Sputtering

Reflection

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Adsorption, Desorption
Sputtering

Surface Interactions
Sputtering
Sputtering

Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Trapping, Detrapping
Sputtering
Sputtering
Sputtering
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption

102

9—12 keV
200 eV

1-2 keV
100—1000 eV
100—1000 eV
10—-750 eV
10-10% eV

38 eV

300 deg K
1.7 keV

1.7 keV
100—400 eV
80—450 eV
5—140 eV
2—30 eV

30—350 eV

1 keV

1 keV

100 eV

100 eV

100 eV

500 eV

500 eV

1-2 keV
100—1000 eV
100—1000 eV
10—-750 eV
0.5 keV

0.5 keV
80—450 eV
5—140 eV

30—350 eV

1 keV
10—1000 eV
3 keV
600—3000 eV
600—3000 eV
1.5 keV
0—100 eV
15—60 eV
100—1000 eV
100—1000 eV
10—750 eV
80—450 eV

1 keV
600—3000 eV
600—3000 eV
9—12 keV
10-10° eV
2—30 eV
0—100 eV
0—100 eV
0—100 eV

1892
1804
1829
1830
1830
1860
1862
1871
1873
1874
1874
1875
1878
1879
1880
1881
1881
1882
1883
1884
1890
1890
1891
1893
1893
1829
1830
1830
1860
1872
1872
1878
1879
1881
1881
1882
1884
1886
1887
1888
1888
1889
1911
1912
1830
1830
1860
1878
1884
1888
1888
1892
1862
1880
1876
1876
1876



CH," + W
CH," + C
CH; + W
CH;" + W
CH, + W
CH,tV + W
CH; + W
CH; + W
CD,* 4+ C
CO* + C
N2 + Ru
N2 + Ru
N, + W
Ny, + W
N2+ + Cu
0," + C
02 + Cu
O, + Pd
02 —|— Cu
O, + Pd
02 + Cu
Ceo™ + Al
Ceot + KCI
C,” +W
C;t + C

2.4 Data Collection, Bibliographic and Progress Report

e+ H
e + He
e + Li
e + Be
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Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Adsorption, Desorption
Reflection

Neutraliz., Ioniz., Dissoc.
Adsorption, Desorption
Secondary Electron Emission
Reflection

Surface Interactions
Adsorption, Desorption
Neutraliz., Ioniz., Dissoc.
Secondary Electron Emission
Secondary Electron Emission
Adsorption, Desorption
Adsorption, Desorption
Neutraliz., Ioniz., Dissoc.
Neutraliz., Ioniz., Dissoc.
Adsorption, Desorption
Reflection

Reflection

Sputtering

Neutraliz., Ioniz., Dissoc.

Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
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0—100 eV
0—100 eV
0—100 eV
0—100 eV
0—100 eV
0—100 eV
0—100 eV
0—100 eV
0—100 eV
2—20 keV
0-0.2 eV
0.8 eV
0—2.5 eV
0—2.5 eV
17.5—35 keV
2—20 keV
25 MeV
25 MeV
25 MeV
25 MeV

130—800 deg K

2.5—62.5 keV
1-5 keV
9-12 keV

3 MeV

0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV

Th

Th
Th
Th
Th
Th
Th

Exp
E/T

Exp

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T

1876
1911
1876
1876
1876
1876
1876
1876
1911
1817
1807
1808
1842
1842
1861
1817
1843
1843
1843
1843
1853
1791
1792
1892
1797

1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
1931
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Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
Data Collection, Bibliography
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0—-2000 eV
0—2000 eV
0—2000 eV
0—2000 eV
0—2000 eV

10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K
10%-10° K

E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

1931
1931
1931
1931
1931
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1932
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
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e+ V Data Collection, Bibliography — 10%-10° K Th 1933
e + Cr Data Collection, Bibliography — 10%-10° K Th 1933
e + Mn Data Collection, Bibliography  10%-10° K Th 1933
e + Fe Data Collection, Bibliography  10%*-10° K Th 1933
e + Co Data Collection, Bibliography  10*-10° K Th 1933
e + Ni Data Collection, Bibliography  10*-10° K Th 1933
e + Cu Data Collection, Bibliography — 10%-10° K Th 1933
e + Zn Data Collection, Bibliography — 10%-10° K Th 1933
e + Nebt Data Collection, Bibliography 106 K Th 1934
2.5 Fusion Research of General Interest

plasma + Ar!'6t Fusion Research of Gen. Interest Exp 1935
Ti ions Fusion Research of Gen. Interest 200 A Th 1936
Cr ions Fusion Research of Gen. Interest 200 A Th 1936
Mn ions Fusion Research of Gen. Interest 200 A Th 1936
2.6 Particle Beam-Matter Interactions

Ht 4+ Al Part. Beam-Matter Interaction 0.1—5 a.u. Th 1938
HT + C Part. Beam-Matter Interaction 0.01—10 MeV /u Th 1941
HT 4+ Al Part. Beam-Matter Interaction 0.01—10 MeV/u Th 1941
Ht 4+ Si Part. Beam-Matter Interaction 0.01—10 MeV/u Th 1941
HT + Al Part. Beam-Matter Interaction 0.2—6 v (a.u.) Th 1945
Ht + LiF Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
HT + NaCl Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H™ + KCI Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H* + NaF Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H* + LiCl Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
Ht 4+ Nal Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H* + RbF Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H'™ + RbCl Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H'™ + RbBr Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H*™ + Rbl Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H'* + KI Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
Ht + Lil Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H™ + KF Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H™ + KBr Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H* + LiBr Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
H* + NaBr Part. Beam-Matter Interaction 2—6 v (a.u.) Th 1946
Ht + LiF Part. Beam-Matter Interaction 100—300 keV E/T 1948
H™ + KCl Part. Beam-Matter Interaction 100—300 keV E/T 1948
H™ + KI Part. Beam-Matter Interaction 100—300 keV E/T 1948
Ht + AlF, Part. Beam-Matter Interaction 0.7—25 keV Th 1950
H* 4+ Cu Part. Beam-Matter Interaction 100 keV Th 1952
H* + Cu(i11) Part. Beam-Matter Interaction 100 keV Th 1952
H™ + Au Part. Beam-Matter Interaction 1-10° keV/u Th 1956
Ht + Si Part. Beam-Matter Interaction 15—100 keV Th 1958
H +C Part. Beam-Matter Interaction 60—800 MeV /u Th 1959
H™ + H,0 Part. Beam-Matter Interaction 0.3—10 MeV /amu Th 1967
HT 4+ Si Part. Beam-Matter Interaction 10~2-10 MeV Th 1968
Ht + A Part. Beam-Matter Interaction Th 1971
H+ 4+ Si Part. Beam-Matter Interaction 900—1500 keV Exp 1976



Ht + Si
HT + A
H* + Mg
H™ + Ni
H™ + Gd
H + Zn
HT 4+ Au
H + Ag
Ht + e
HT + LiF
H™ +H
H* 4+ He
HT + C
HT + Al
HT + Si
Ht + Cu
HT 4+ Au
H™ + H,
HT + C
Het + C
Het 4+ Al
Het + Si
Het + H,O
Het + LiCl
He™ 4+ Au
He™ 4+ Au
He*™ 4+ Si
Het + SiO,
Het 4+ Si
Het 4 Si
Het + SiC

H82+ + HQO

He™ + C
He'" + Mg
Het 4+ Ni
Het + Zr
He* 4+ Sn
Het + Pb
He2t + Si
He + Zn
He?t + Zn
He™ 4+ Au
He + Lil
He'™ + Ar
Het 4+ H,O
Lit + C
Lit 4+ Al
Lit + Si
Lit + Ag
Lit + SiOs
Lit + C
Lit + A
Lit + C
Li + Zn
L3t + Zn
Lit + He
Lit + Ag

Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.

Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
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0.3—1.2 MeV/amu
0.01-40 MeV

10—10,000 keV/u
0.16—5 keV

1—4 keV

0—400 keV

0.02—60 MeV /amu
0.02—60 MeV/amu
0.02—60 MeV/amu
1-100 MeV

1-100 MeV

1-100 MeV

1-100 MeV

1-100 MeV

0—4 v(a.u.)
0.01-10 MeV /u
0.01—10 MeV /u
0.01-10 MeV /u

3 keV

3 keV

1-10° keV /u

1 MeV

1.5 MeV

1.5 MeV

1-10 MeV

0—700 keV/amu
0—700 keV/amu
0.3—10 MeV /amu
420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

420 MeV

0.3—1.2 MeV/amu
10—10,000 keV/u
10—10,000 keV /u
1-10 keV/u

3 keV

0.01-10* MeV /amu
0.01-10* MeV /amu
0.01-10 MeV /u
0.01-10 MeV /u
0.01—10 MeV /u
1073-10 MeV
1073-10 MeV

1-6 MeV

10-10,000 keV /u
10—10,000 keV /u
0.01-10* MeV /amu
0.01-10* MeV /amu

E/T

Exp

Exp

E/T
E/T
Exp
E/T
E/T
Th

Th

Th

E/T
E/T
Exp
Th

Exp
E/T
E/T
E/T
E/T

1977
1978
1981
1983
1983
1985
1986
1988
1990
1995
1997
1997
1997
2000
2000
2000
2000
2000
2002
1941
1941
1941
1944
1944
1956
1961
1962
1962
1963
1965
1965
1967
1972
1972
1972
1972
1972
1972
1977
1985
1985
1987
1989
1992
1992
1941
1941
1941
1964
1964
1966
1971
1975
1985
1985
1992
1992



BT + Si
BT + Si
BT + Si
Ct+C
CT + Al
Ct + Si
Ct +C
Ct +C
Cc + H,O0
Ct +C
CT + Si
Ct +C
Ct + H,0
Nt + A
Nt + H
NT 4+ He
Nt + Be
N* + C
N*T 4+ 0O
N+t 4+ Ne
NT + Al
N* + Si
Nt 4+ Ar
N+ 4+ Ti
N+t + Fe
N+ + Ni
N+t + Cu
Nt 4+ Ge
Nt 4+ Kr
Nt 4+ Mo
Nt 4+ Cd
N+t + Sn
Nt 4+ Xe
N*T + W
Nt + Pt
Nt 4+ Au
N+ + Pb
Ot + A
Ne?t + Xe
Ne3t + Xe
Net + Xe
Ne?t + Xe
Nebt+ + Xe
Ne™t + Xe
Nedt + Xe
Ne’t + Xe

Nel?t 4+ Xe

Net + LiF
Sit + Si
Sit + Si
Pt + Si
Pt + Si
AI.18+ + C
Art 4+ Ar
Art 4+ Si
Ar18+ + C
ArT + Ne

Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.

Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
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15—100 keV
10—200 keV

20 keV

0.3—6 MeV /u
0.3—6 MeV/u
0.3—6 MeV /u
1073-10 MeV
1-6 MeV

0.3—10 MeV /amu

900—2200 keV /atom
0.01-10* MeV /amu
0.01-10* MeV /amu

0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu
0.025—0.05 MeV /amu
0.025-0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV/amu
0.025—0.05 MeV /amu

0.02—60 MeV/amu
0.02—60 MeV/amu
0.02—60 MeV /amu
0.02—60 MeV /amu
0.02—60 MeV /amu
0.02—60 MeV /amu
0.02—60 MeV /amu
0.02—60 MeV /amu
0.02—60 MeV /amu
1000 MeV /amu
1—-100 keV

15—100 keV
15—100 keV
10—200 keV

13.6 MeV/u

1—-100 keV

15—100 keV
60—800 MeV /u
0.01-10* MeV /amu

Th
Th
Th
Th
Th
Th
E/T
Exp
Th
Exp
E/T
E/T
E/T
Th
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th
E/T
E/T
Th
Th
E/T

1958
1960
1974
1947
1947
1947
1964
1966
1967
1975
1984
1992
1992
1971
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1971
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998
1957
1958
1958
1960
1943
1957
1958
1959
1992



Art + Ag
Ar!™ 4+ S
Fet + LiF
Cut + Au
Get + Ge
Ast + Si
Krt + Si
Kr35+ + C
Xet + Xe
Nd*+ + Cd
Pm* + Cd
Sm*™ + Cd
Aut + LiF
Pb%t 4+ Ta
Pb%*t + Ta
Pb%* 4+ Ta
Pb%+ 4+ Ta
Pb5"t 4+ Ta
Pb%t + Ta
Pb3t + Au
Pb¥t + Au
Ut + Fe
Ut + Cu
Ut 4+ SS
Ut + A
U50+ + Xe
U90+ + Xe
e + A1203
e + PET

e + C;oHgOy4

e + Si

o 0o O 0 0
+4+++
>8P0

e + Hgo
H,>* + H
H.t + Si
H2+ + Au
DT + Au
H624+ + H
Nt 4+ C
0," + C
Ceo™ + C
Ceo™ + Al
Ceo™ + Si
Ceo™ + C
L%t + H
Li;t + C
Ci;t + C
Cy™ + C
Cy™ + Al
Cyt + Si
Cost 4+ C
Cost + Al
Cyst + Si

Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.

Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
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3—10 keV

390 MeV/u
1000 MeV /amu
6—25 MeV
1—-100 keV
15—-100 keV
15—-100 keV
60—800 MeV /u
1-100 keV
600—685 keV
600—685 keV
600—685 keV
1000 MeV/amu
450—1363 keV
450—1363 keV
450—1363 keV
450—1363 keV
450—1363 keV
450—1363 keV
33 TeV

33 TeV
500—950 MeV /u
500—950 MeV /u
500—950 MeV /u

0.02—60 MeV /amu
0.02—60 MeV /amu
200—350 eV
500—1000 eV
500—1000 eV
100—800 MeV
0—200 keV
0.05—30 keV
0.1-30 keV
0.1-30 keV
102-10* eV

1072-1 MeV
150—1000 keV /amu
900—1500 keV
1-10 keV/u
0.16—5 keV
150—1000 keV /amu
0.3—1.8 MeV/u
0.3—-1.8 MeV/u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—1.8 MeV/u
150—1000 keV /amu
1-6 MeV

1.5—40 keV/u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—6 MeV/u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—6 MeV/u

Th
Th
Th
Exp
E/T
Th
Th
Th
E/T
Exp

Exp
Th

E/T
E/T
E/T
E/T
E/T
E/T
Th

Th

Exp
Exp
Th
Th
Th
Exp
Exp
Exp
Th
Th
Th
Exp
Exp
E/T
E/T
E/T
Exp
E/T
Exp
E/T
Th
Th
Th
Th
Th
Th
E/T
Exp
E/T
Th
Th
Th
Th
Th
Th

1996
2001
1998
1970
1957
1958
1958
1959
1957
1991
1991
1991
1998
1939
1939
1939
1939
1939
1939
1955
1955
1969
1969
1969
1971
1997
1997
1942
1951
1951
1954
1979
1980
1993
1993
1994
1999
1953
1976
1987
1986
1953
1949
1949
1947
1947
1947
1949
1953
1966
1940
1947
1947
1947
1947
1947
1947



Cs™ + C
Css™ + Al
Csst + Si
Cy™ + C
Cy™ + C
Cyt + Al
Cet + Si
C,t 4+ C
Cy™ + Si
Czt + C
C;t + C
Cst + Al
Cs* + Si
C;t 4+ C
Cst + C
Cst + C
C:t + Al
Cs* + Si
Cgt + C
Cst + Al
Cg™ + Si
Cpot + C
Cpot + C
Ciot + Al
Ciot + Si
B,t + C
Ci,t+C
C,t + Al
C,t + Si
B;t + C
C,m +C
C;t + Al
C,* + Si
Cst + C
Cst + Al
Ce¢™ + Si
B, + C
B;t + C
Bst + C
Bt +C
Cist + C
Cyt + C
Cs" + C
Cs0™ + Al
Cs0™ + Si

A 4+ H Z= 10-92
A + He Z= 10-92

2.7 Interactions of Atomic Particles

H
H-

H™ 4+ Ne + hv
H™ + Ar 4+ hv

H

Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.
Part.

Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction
Beam-Matter Interaction

Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
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0.3—6 MeV/u
0.3—6 MeV/u
0.3—6 MeV/u
1.5—40 keV/u
0.3—6 MeV/u
0.3—6 MeV /u
0.3—6 MeV/u
1-6 MeV
900—2200 keV /atom
1.5—40 keV/u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—6 MeV/u
1-6 MeV
1.5—40 keV/u
0.3—6 MeV/u
0.3—6 MeV /u
0.3—6 MeV/u
0.3—6 MeV/u
0.3—6 MeV /u
0.3—6 MeV /u
1.5—40 keV /u
0.3—6 MeV /u
0.3—6 MeV/u
0.3—6 MeV /u
10-5000 keV /u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—6 MeV/u
10-5000 keV /u
0.3—6 MeV /u
0.3—6 MeV/u
0.3—6 MeV /u
0.3—6 MeV/u
0.3—6 MeV/u
0.3—6 MeV /u
10-5000 keV /u
10—5000 keV/u
10—5000 keV /u
10—5000 keV /u
1.5—40 keV /u
1.5—40 keV/u
0.3—6 MeV /u
0.3—6 MeV /u
0.3—6 MeV/u
10—1000 MeV /u
10—1000 MeV /u

with Fields

2—20 keV
2—20 keV
225—-313 m/s

Th
Th
Th
E/T
Th
Th
Th
Exp
E/T
E/T
Th
Th
Th
Exp
E/T
Th
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
E/T
Th
Th
Th
Th
Th

Th
Th
Th
Th

1947
1947
1947
1940
1947
1947
1947
1966
1984
1940
1947
1947
1947
1966
1940
1947
1947
1947
1947
1947
1947
1940
1947
1947
1947
1937
1947
1947
1947
1937
1947
1947
1947
1947
1947
1947
1937
1937
1937
1937
1940
1940
1947
1947
1947
1973
1973

2014
2015
2019
2019
2020



+
+

o

[¢]

Em

IENENEDEDT DT DD DT
L+

He + He
He + YbF

Li + Cs
Li
Li
Li + Cs
Li
Li
Li*
Li
Li
Li + Na
Be
Be

C%t 4+ He

Ne7+
Ne
Net
Ne

Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction

110

10%3-1016 W/cm?
5 % 10'3-5 x 10'* W /cm?
13.6—40 eV

2.5 MeV

1 a.u.

10°-10% T

2—-200 keV
2—200 keV

10 kV/cm
3000—12,000 K
1-1000 a.u.

1-400 keV
390—780 nm

76—99 eV
5—20 mW /cm?
1073-1 K
107-5 x 108 T
0-10" T

107 T
10 GHz
1077 em™!

0-1075 a.u.
0-1075 a.u.
107-5 x 108 T

0—0.0025 a.u.
107 T
0—1200 G
107-5 x 108 T
107 T

107-5 x 108 T
107 T

100 MeV /u
107-5 x 108 T

107 T
107-5 x 108 T
107 T
107-5 x 10 T

107 T
107-5 x 108 T
107 T

107-5 x 108 T
0—250 V/cm

25,000—-45,000 K
107 T

Th
Th
Th
Th
Th
Th
E/T
E/T
Th
Th
Th
Exp
Th
Th
Th
Th
Th
Th
Exp
Th
Th
Th
Th
Th
E/T
Th
Th
Th
Th
Th
E/T
E/T
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Exp
Exp
Th
Th
E/T
Exp
Th

2028
2036
2040
2041
2044
2048
2049
2049
2050
2053
2061
2071
2072
2074
2003
2005
2015
2017
2023
2024
2033
2057
2058
2065
2007
2022
2025
2031
2031
2033
2051
2051
2060
2065
2075
2033
2065
2033
2065
2013
2033
2046
2065
2033
2065
2033
2046
2065
2033
2065
2011
2011
2033
2046
2052
2059
2065



Ca17+
Ca

Sc

Sc

Ti

Ti

Cr
Cr21+
Cr
Mn
Mn
Fe

FeZ+
Fed3t
Fet
Fed+
Fe6+
Fe7+
Fedt
Fet
Fe10+
Fel 1+
Fe12+
Fe13+

Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction

111

107-5 x 108 T
107 T

528 nm

528 nm

107-5 x 108 T

107 T

107-5 x 108 T
0—0.6 a.u.
107 T

107-5 x 108 T
0—-0.6 a.u.
107 T

107-5 x 10 T
0—0.6 a.u.
107 T

107-5 x 108 T

0—0.6 a.u.

107 T

107-5 x 108 T

107 T

107-5 x 108 T
0.25—-2x10'* W/cm?
107 T

107-5 x 108 T
107 T
0-6 G
107-5 x 108 T

107 T
107-5 x 108 T
107 T
107-5 x 108 T
107 T
107-5 x 108 T
107 T
107-5 x 108 T

107 T

107-5 x 108 T
107 T

107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T

Th
Th

E/T
E/T

2033
2065
2069
2069
2033
2046
2065
2033
2064
2065
2033
2064
2065
2033
2064
2065
2033
2046
2064
2065
2033
2065
2033
2037
2065
2071
2033
2065
2021
2033
2046
2065
2033
2065
2033
2065
2033
2065
2033
2046
2065
2033
2065
2033
2033
2033
2033
2033
2033
2033
2033
2033
2033
2033
2033
2033
2033



Fe14+
Fe15+
Fel6+
Fe17+
Fe18+
FelQ+
Fe20+
Fe21+
Fe22+
Fe23+
FeQ4+

Fe

Fe*
Fe2t
Fe3t
Fett
Feb*
FeG+
Fe?-‘r
Fedt
Fet
FelO+
Fe11+
Fe12+
Fe13+
Fe14+
Fe15+
Fe16+
Fel7+
FelS+
Fe19+
Fe20+
FeZlJr
Ni25+
Zn27+
Ge29+
Rb

Rb

Rb*

Rb

Sn

Snt
Xe™
Xe?t

Xe + Xe
Cs

Bi + He
h + H
hy + H*
hy + NH*
hy + ND*
e+ H

e + He
e + Het
e + Ba™'
e + Ba™'
e + Ba™*

Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction

112

107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107-5 x 108 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T
107 T

0—6 mT

1.356 GHz
1.356 GHz
400—-500 atm
11,000 K
11,000 K
(5—30)x10% K
(5—30)x10% K
293—-373 K
0-107° a.u.
0.5 K

1.55 eV
1.55 eV
0—10 a.u.
2—25 eV
2—25 eV
0—-250 G
0eV
0eV

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
E/T
Exp
Exp

Exp
Exp
E/T
E/T

Th
E/T
Th
Th
Exp
Exp
Th
Th
Th

Exp
Exp

2033
2033
2033
2033
2033
2033
2033
2033
2033
2033
2033
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2065
2046
2046
2046
2008
2063
2063
2076
2054
2054
2010
2010
2068
2031
2067
2006
2006
2047
2047
2004
2018
2018
2032
2045
2045



NO

NO*

NO

02

CSQ

CyHg

K>

C3Hg

Na2

NaK

CaH + CaH
CsCl
MgH + MgH
RDbF

RbCl
RbBr

Rbl

Rb,

YbF

KF

Kli

RbLi

CsF

CaF

H Z= 1-92

Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
Atom Field Interaction
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1.3 x 10'5 W /cm?
76—99 eV

5 x 10'% W /cm?
10—-20 eV

10—20 eV

1-3x10* W/cm?

0—4.4x10'% G
0.0533 a.u. — 1064 nm

1.4 x 10'* W /cm?
0.7—4x10' W /cm?
1078-10° ecm~!
107%-0.5 K
325—330 nm
325—330 nm
0—150 V/cm
0.7—4x10'* W/cm?
0-50 G

1.4 x 10'* W /cm?
0-50 G

1.4 x 10'* W /cm?
0-50 G

0-50 G

107%-0.5 K

0-50 G

10-%-0.5 K

0-50 G

0-50 G

0-50 G

0-50 G

0-50 G

10731 K

0-50 G

0-50 G

0-50 G

0-50 G

Th
Th
Th
Th
Th
Th

E/T

2016
2017
2026
2034
2034
2035
2038
2042
2043
2030
2070
2043
2009
2029
2027
2056
2055
2039
2039
2062
2027
2066
2029
2066
2029
2066
2066
2055
2066
2055
2066
2066
2066
2066
2066
2024
2066
2066
2066
2066
2073
2012
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