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Bibliography of Electron and Photon Cross Sections
with Atoms and Molecules
Published in the 20™ Century

—— Hydrogen molecules ——*

Makoto Hayashi

(Gaseous Electronics Institute)

Bibliographies of original and review reports of experiments or theories of electron and
photon cross sections and also electron swarm data are presented for atomic or molecular
species with specified targets. These works covered 17 atoms and 51 molecules. The
present bibliography is only for hydrogen molecules (Hz, HD, HT, D, DT, T3). About 2200
papers were compiled. A comprehensive author index is included. The bibliography
covers the period 1901 through 2000 for H,.  Finally, author's comments for H; electron
collision cross sections are given.

Keywords : H molecules, collision cross sections, electron, elastic scattering, rotational,
vibrational and electronic excitations, dissociation, ionization photon, photoabsorption,
photodissociation, photoexcitation, photoionization, electron swarm, drift velocity,
diffusion coefficient, ionization coefficient, excitation and ionization energies, transition
probabilities, lifetimes of excited states

* This work was carried out under the collaboration research program at National
Institute for Fusion Science. '



Introduction
History

This bibliography is the result of a continuing iiterature survey which was
begun around 1970 and originally encompassed only electron collision cross
section and electron swarm data. The organization responsible for continuing
this survey is Nagoya Institute of Technology, Nagova. From 1994, (he work
continued to Gaseous Electronics Insititute, Nagova. In 1997, the collection
of photon cross section references was begues. The search for references im
both cases was retrospective and inciuded all papers reporting measurements,
theoretical calculations or reviews and data compilations of such cross
sections and electron swarm data.

Scope

This biblicgraphy contains references to eriginal research papers which
report experiments or theoretical calculations of cress sections for elfectron
and photon collisions with hydregen molecules, Ho, HD, HT, D», DT, and T».
The review papers on this subject are also included. Some hydrogen molecule
cluster papers are included. Some conference reports, company 0r agency
reports and PhD fhesis are included. Hydrogen ion papers and positron
collision papers are not included in principle.

Papers reporting the following data.are included.

For electron collision cross section
1) elastic scattering
2} rotational excitation
3} vibrational excitation
4) electronic excitation
5) dissociation
6} iorization
7) attachment
8) grand total scattering (sum of elastic and inelastic cross sectionms)
9) metastable hydregen molecules
10) eiectron swarm parameters (drift velocily, diffusion coefficient}
11} excitation and ionization coefficients

For photon collision croess section
1) photoabsorption
2) photoexcitation and fluorescence
3) photodissociation
4) photoionization



For some related data :
1) excitation and icnization energies
2) iransition probabilities
3) lifetimes of exciied states
4} others

The energy range for electrom cross section data is usually 0 - 10 KeV,
but some higher electron energy papers are included. The wavelength range
for photon cross section data is from microwave to X-ray. Most papers are
concerned with infrared, visible and uliraviolet ray region.

The bibliography includes the papers published in the 20th century, from
1901 to 2000. The oldest paper in this list is given by J.S. Tewnsend (1901}).
So for this hydrogen molecules bibliography, published papers from 1901 to
199% are compiled in alphabetical order of the first author's svrname of the
paper. References published ier 2000 and plus some old papers found very
recently after compilation are added as "Addenda of References for Hydrogen
Molecules”. In total, about 2200 papers are compiled in the hydrogen
molecules bibliography.

Organization

This report{ comsists of four parts : introduction, the bibliography and
its addenda, author index and some comments on electron collision cross
sections.

Bibliegraphy

In this section the complete citation for all references are given. At
first following classifications are shown

E : Elastic collision

R :_Rotatiomal excitation

V : Vidrational excitation

EX : electronic EXcitation

D : Dissociation

I :_lonization

A Attachment

ME : MEtastable hydrogen

5 etectron Swarn

0 :_Dthers (photon cross sections and the others)

All authors’ initials and surname, journal pame, volume, inclusive pages and
year of publication are given as well as the title, and some additiomal
informatien i the square bracket [ }J. E and T in the square bracket mean
experiment and theory.



a

Ribliography for Hp, D, and so on are divided into four parts :

Part 1. 1990 - 1999 p. 1 - 129

Part 2. 1980 - 1989 p.30 - 65

Part 3. 1901 - 1979 p. 66 - 169 ‘

Part 4. Addenda of References (I) opublished in 2000, plus some old

papers , p. 170 - 183
Addenda of References (2) published in 2000, plus some cld
papers p. 184 - 190

Author Index

In this section all authors are listed alphabetically by surmame. After
each author's name is a list of page numbers indicating which references he
or she authored or coaunthored. This author index are also divided into four
parts

Part 1. 1990 - 1999 p. 1 - &

Part 2. 1980 - 1989 p. 7~ 13

Part 3. 1901 - 1979 p. 14 - 25

Part 4. Addenda of References (I} published in 2000, plus some old
papers p. 26 - 29

Some Comments on Electron Collision Cross Sections for Ho
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References for He, HD and D, (1990 - 1999)

(Hydrogen, Deuterium hydride, Deuterium)

E : Elastic collision, R : Rotational execitation,

V : Vibrational excitation, EX : FElectronic excitation,

D : Dissociation, 1 : lonization.

A : Attachment, QT : Grand total cross section,
5 . Swarm, o : lonization coefficient,

0 : The others, [ 1: Additional informations,

E : Exp., T : Theory.

E F.Abdolsalami and M. Absolosalami : Phys. Rev. A50, 360-363 (1994)
Study of electron-molecule collisions via the finite-element meihod and
R-matrix propagation technique : Model exchange. [T. Ho; 0.047 - 7 eV]

0 F. Abdolsalami,P.Abdolsalani, L. Perez, P. Gomez and M. Siiva : J. Comput. Phys.
121, 314-323 (1995) :
Study of electron-molecule collision via finite-element method and
R-matrix propagation technique : Exact exchange. [T, Ha. N3]

(2]

M. Abdolsalami and F. Absolosalami : Phys. Rev. A50, 412-417 (1994)
Inplementation of nonseparable exact exchange effects in the first-order
nongenerate adiabatic theory. [T, Ho:; 0.047 - 5 eV]

=

(=]

H Abgrall, E Roueff, X.Liu, D. E. Shenmansky and G.X. James : J.Phys.B32, 3813-3838
(1999)
High-resolution far ultraviolet emission spectra of electron-excited
molecular deuterium. [E. hy, Ds]

EX J.M. Ajelio, D.E Shemansky and G.K. James : Astrophys.J. 371, 422-431 (1991) -
Cross sections for production of H(Zp, 2s, 1s} by electron collisional
dissociation of Hs. [E. Hp; 10 - 700 eV]

EX J.M. Ajello and D.E. Shemansky : Astrophys.J. 407, 820-825 (1993) 1
Electron excitation of the Hy (a3Z4* — b3Z,*) continwum in the
vacuum ultraviolet. [E, Hp; 11.8 - 200 eV]

EX J.M. Ajello, 5. M Ahmed, I.Kanik and R.Multari : Phys.Rev.Lett. 75, 3261-3264
(1995)
Kinetic energy distribution of H(2p) atoms from dissociative excitation
of Ho. [E, Hp: 20 - 100 ev]

EX J.M.Ajello, S. M. Ahmed and X.Liu : Phys. Rev. A53, 2303-2308 (1996} -
Line profile of H Lyman- 58 emissior from dissociative excitation of H»
[E, Hp; 1025.7 A, th.- 400 eV]

0 S.W Allendorf and A Szoke : Phys. Rev. A4, 518-534 (1991)
High-intensity multiphoton ienization of Hs. {E. hy, Hsl

- B2 1 -



A H. Al-Nasir, M. A Chaudhry, A. J. Duncan, R. Hippler and H. Kleinpoppen : Phys. Rev.
A47,2922-2926 (1993) '
Doudbly differential cross section for the iomization of the hydrogen
molecule by the impact of 100-eV electrons. (E, Hz; 2/5/10 - 110/1157]

J.Amorim. J.L.S.Lino, I. Louretro, M. A.P. Lima and F.J.de Paixao : Chem Phys. 246,
275-282 (1999)
Superelastic collisions of electrons with the ¢3I1, metastable state in
hydrogen DC positive column. (T, Hs]

G. Arena, V. Berardi, N. Spinelli, R. Velotta and M. Armenante ; [nt.J. Mass
Spectrom lon Phys. 127, 57-65 (1993) -
Electron impact ionisation of Kz (D2) molecules : kinetic energy
distributions of H*(D¥).
[E, Hz. Dz; 40 and 100 eV, dissociative iomization]

U. Asaf, K. Rupnik, G. Reisfeld and §.P. McGlynn : J.Chem Phys. 99, 2560-2566
(1993) -
Pressure shifts and electron scattering lengths in atomic and molecular
gases. [E and T, H», No, CHa, C2H5, C3H8. C02 He - XC]

S.A. Astashkevich and B.P.Lavrov : Opi. Spectrosc. 85, 348-355 (1998a) -
Absolute values of rovibronic transition probabilities for the I'TIg
— B'% ,* system of bands of the Hr molecule.

(T, Hp; v’ = 0-3, v" = 0-9]

D.E. Atems and }. M. Wadehra : Phys. Rev. A42;5201-5207 {1990a)
Nonlocal effects in dissociative electron attachment to Hop.
{T, Hz; 3 - 5.5 eV]

D.E. Atems and J.M. Wadehra : AIP Conf.Proc. 210, Brookhaven 121-128 {1990b)
Isotope effect im vibrational excitation of He by low energy electron
impact. [T. Hy, D3]

D.E. Atems and J.M Wadehra : Chem. Phys. Lett. 197, 525-529 (1992) -
Vibrational excitation of Hp and HCl by low-energy electron impact. An
isotepe scaling law. [T, Hp, HCI}

D.E. Atems and J.M Wadehra : F. Phys. B26, L759-L765 (1993) -
Resonant contributions to dissociation of Ho by low-energy electron
impact. [T. Hyo: th.- 18 eV]

M. Bacal. F. G. Baksht and V. G. Ivanov : J. Phys. D32, 2886-2889 (1999)
The increase of the effective rate constant of the dissociative
attachment of electrons to hydrogen molecules due to the Hp vibrational
excitation in a hydrogen stream flowing in the channel. {T. Hz)

U.Bafile, L.Ulivi, M. Zoppi, F. Barocchi, M. Moraldi and A Borysow : Phys. Rev. Ad2,
6916-6919 (1990)
Depelarized-light-scattering spectrum from gaseous hvdrogen at 50 K
The density-squared component. [E, hv, Hs]

- H2 2 -



0 U.Bafile L.Tlivi,M. Zoppi. M. Moraldi and L. Frommhold : Phys. Rev. Add, 4450-4458

A

{1991)

Third virial coefficients of collision induced, depolarized light
scattering of hydrogen. (E, Bs]

A Bagheri.K. L.Baluja and S.M.Datia : Z.Phys.D32.211-217 (1994) -

Density dependence of eleciron mobility in dense gases.
[T, Hz, N, 02, C02 He - Xel

F.G. Baksht and V.G. Ivanov : Tech. Phys. Leit. 24, 977-979 (1993a)

Iecreasing in the rate constant for dissociative attachment of electrons
to hydrogen molecules by vibrational pumping during flow in a channel.
(E. H»]

F.G. Baksht, V. G. Ivanov and M. Bacal f Plasma Sources Sci. Technol. 7.431-439
(1998b)

Pumping of highly vibrationally excited molecules in a hyvdrogen flow
through a cesium-hydrogen discharge. (E, Hs + Cs]

F.G. Baksht and V.G. Ivanov : Tech. Phys. 44, 621-627 {1999)

Characteristic features of the formatiom of the vibrational distribution
function of Hz molecules in a hydrogen stream. [T. Ho]

A.Balakrishnan, V. Smith dnd B.P.Stoicheff : Phys. Rev. Ad9. 2460-2469 (1994)

Dissociation energies of the hydrogen and deutrium molecules,
(E, Hy 4.478111 eV, D, 4.556255 eV]

S.Banerjee, M. K. Chakrabarti, 5. 5. Bhattacharyya and 5. Saha : J. Chem. Phys. 95,
1608-1618 (1991)

Resonance enhanced two-photon dissociation of Ho by the X — (EF + GK + [)
transition via intermediate B, C states. [T, hv, H2]

.Banerjee, S.S. Bhattacharyya and S5.Saha : Phys. Rev. A49, 1836-1846 (1994)

Nopadiabatic effects on resonance-enhanced -two-photon dissociation of Ho.
IT. hv, Hs]

.W.Bauschlicher, Jr. and S. R. Langhof{f : Theor. Chim. Acta 79, 93-103 (1991)

Computation of electronic transition moments : the length versus the
velocity representation. [T. Ho, BH, (sl

.N.Begun and I.H Khan : Bulg. J. Phys. 23, 27-36 (1996)

Some modifications in the Glauber theory for electron-atom and
glectron-molecule scattering. [T, H,. He. Li]

EX V. A Belyaev, M. M. Dubrovin, N. N. Semenov and A.N.Khlopkin : Plasma Phys. 20,

i

316-3  (1994)

Bydrogen molecular ions simultaneous dissociation in low energy self-
collision. [E. Ho; 7.5 - 18 eV]

V.Berardi, N. Spinelli, T.M.di Palma, R.Velotta, M. Armenante and F. Giammanco :
An. Fis. (Spain) 90, 267-272 (1994)

Neutral long-lived collision complex production in e~ - impact ionisation
of Ho and D, molecules : influence of collective effects. [ . Hz, D2

- H? 3 -



EX L.

EX I

Borges, Jr.,G. Jalbert and C.E. Bielschowsky : Phys. Rev. A57.1025-1032 (1998)
Non-Franck-Condon electron-impact dissociative-excitation cross sections
of molecular hydrogen producing H{ls) + H(21) through X1Z¢*(v=0) —
(Bl1Z .t B1Z % C'I1.). (T, Hg; 100 - 1000 eV]

Borges. Jr.and C.E. Bielschowsky : Phys. Rev. A60, 1226-1234 (1999)
Photon and high-energy-electron—impact vibronic excitation of molecular
hydrogen. [T. Hs])

.Bouferguene. I. Ema and C. A. Weatherford : Phys. Rev. A59, 2712-2718 {(1999) -

Nonadiabatic polarization potentials in electron- and positron-molecule
scattering : Application to e + Hsa. {T. Hz; 0 ~ 10 eV]

_Braglia and M. Potrempli : Nuovo Cimento 14D, §67-869 (1992a)

Monte Carlo simulations of electron tramsport inm real gases. Accuracy of

. diffusion and drift experiments in Hz at 77 K [T. Hp; 77 K!

EX S

EX 5.

EX §.

0 L

_Braglia : Contrib. Plasma Phys. 32, 497-502 (1992b)

Monte Carlo cafculations of electron tramsport coefficients in Hp. First
simulations of the Townsend-Huxley experiment. [T, Hs]

CE.Branchet{ and J.Tennyson : Phys.Rev.Lett. 64, 2889-2892 (1990a) -

Resonances in the electronic excitation of molecular hydrogen.
[T. Hz: & - 30 eV]

E. Branchett.J. Tennyson and L. A. Morgan : I. Phys. B23, 4625-4639 (1990h)
Electronic excitation of molecular hydrogen using the R-matrix method.
[T, Hp: th.- 25 eV, 6 ex. states]

CE.Branchett, ]. Tennvyson and L. A. Morgan : J. Phys. B24, 3479-3490 (1991) -

Differential cross sections for electronic excitation of molecular
hydrogen using the R-matrix method. (T. H5!

E. Branchett and J. Tennyson : J.Phys. B25, 2017-2026 (1992)
Transition moments for excitation to Rydberg states of molecules using
the R-matrix method : Hy with p = 6. [T, Hsl

K. Bronic. M. Kimura, M. Inokuti and M. A. Dillon : Nucl. Instrum Meth. BT,

366-370 (1992) -

0 D

The Fano factor for electrons in gas mixtures.
{T. Hy + Ar, CHs4 + Ar. He + Ar, etc.]

Brown and J.C.Light : J.Chem. Phys. 101, 3723-3728 (1994)
Kohn variational principle for a general finite-range scattering
functional. [general theory]

E M. I.Brunger, S.J.Buckman, D. S. Newman and D.T.Alle : Aust. J. Phys. 43. 665-682
v (1990)
Low enmergy electron scattering from Ho. [E, Hz; 1.5 eV)

- HZ 4 -
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M. J.Brunger, 5. J. Buckman. D. 5. Newman and D.T. Alle : J.Phys. B24, 1435-1448
(1991} O 1
Elastic scattering and rovibrational excitation of H> by low-energy
electrons. [E. Ho; 1 - 5 &V)

5.J.Buckman, M. J. Brunger, D. 5. Newman, G. Snitchler. 3. Alston, D. ¥. Norcross,
M. A. Morrison, B. C. Saha, G. Danby and W. K. Trait : Phys. Rev. Lett. 65, 3253-3256
{1990) O 1
Near-threshold vibrational excitation of Ho by eleciron impact :
resolution of discrepancies between experiment and theory
[E and T; H3]

S.J.Buckman and M.J. Brunger : Aust. ). Phys. 50, 483-509 (1997) -
A critical comparison of eleciron scattering cross sections measured by
single collision and swarm iechniques.
[compilation, H2, He - Xe, No, CO, 0, NO, C0,, CHa]

S. . Buckman, D. T. Alle, M. J. Brennan, P.D. Burrow, J. C. Gibson, R. J. Gulliey, M. Jacka,
D. 5. Newman, A.R. P. Rau, J.P. Sullivan and K. ¥. Trantham : Aust.J. Phys. 52, 473-49]
(1999)
Role of negative ion resonances in electron scattering from atoms and
molecules. [compilation, F and T. N, €0, 0, NO, He, Mg, Cdl

P.D. Burrow : AIP Conf.Proc.360, 19th ICPEAC, Whistler 257-266 (1995)"
Electron scattering from vibrationally excited moiecules.
[review, Ha, N2, (0, SFe. CHsCl)

M.L. Burstein, B. P. Lavrov, A. 5. Melnikov, V. P. Prosikhin, 5. V. Yurgenson and
V.N. Yakovliev : Opt.Spectrosc. 68, 166-168 (1930)
Measurement of the radiative lifetimes and cellisional-quenching rate
coefficients for the Ho-molecule d3I1,", v, N levels. (E, H-]

M. Cacciatore, M. Capitelli, R. Celiberto, P.Cives and C. Gorse : AIP Conf. Proc.
_ 210, 74-87 (1990)
Coupled soluticon of Boltzmann equation and monequilibrium vibrational
kinetics in H» volume discharges : An aralysis of the input data.
(T, Hsl

M. A Cacciatore, M. Capiteili and R.Celiberto : At.Plasma Mater. interact.Data
Fusion 2, 65-74 (1992)
Dissociative and energy transfer reactions invelving vibrationally excited
H2/D> molecules. [T. Halv), Do(v)]

I.Cadez, C. Shermann, M. Landau, F. Pichou, D. Popovic and R. [. Hall : I:Phys. D26,
328-330 (1993) -
Hydrogen recombination on metals : Vibrational excitationm of desorbed
malecules. (E, H, oo metal surfaces]

M.Capitelli, R Celiberto and M. Cacciatore : in_Advances in Atomic, Molecular
and Optical Physics, Vol.33, Academic 321-372 (1994)

Needs for cross sections in plasma chemistry.
[review, Hz, No, 0o, 0. HCI, Clz Fo, HF, (0, etc.]

- HZ 5 -
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Capitelli, M. Cacciatore, R. Celiberto, F. Esposito,C. Gorse and A. Laricchiuta :

A Plasma Phys. Rep. 25, 5-17 (1999) -

I R

EX R

Some aspects of electron-molecule scattering, molecular dynamics, and
vibrational kinetics in nonequilibrium Hz/D; plasmas. “IT. Hz, D3]

Celiberto, M. Capitelli and M. Cacciatore : Chem.Phys. 140, 209-215 (1990a)
Electron impact direct dissociative ionization cross sections from
vibrationally excited H> molecules and transiational energy distribution.
[T, Hao(v): 15 - 100 eV] '

Celiberto, P. Cives, M. Cacciatore, M. Capitelli and U.T.Lamanna : Chem. Phys.

Lett. 169, 69-73 (1990D)

EX R.

EX R

EX R.

Direct ‘electron-impact collision cross sections imnvolving vibrationally
excited Do (v) molecules relevant to D™ sources. {T. Dpiv); 13 - 100 eV]

Celiberto and T.N. Rescigno : Phys. Rev. 447, 1939-1945 (1993) -

Dependence of electron-impact excitation and cross sections or the initial
quantum number in Hp and D, molecules : X'Zs* — B'Z .t and 'Z* —
CIIT transition. {T, Hs. Ds; th.- 100 eV]

Celiberto. U.T. Lamanna and M. Capitelli : Phys.Rev. A50, 4778-4785 (1994a) -
Dependence of electron-impact excitation and cross sections on the initial
vibratiomal quantum number in Hy and D> molecules : X*Z¢* — B'E* and
I'® 4t — C'IT, transitions. [T, Hz. Dy; th.- 200 eV]

.Celiberto, M. Capitetli and U.T: Lamanna : Chem. Phys. 183, 101-106 (1994b)

Vibrational excitation of Ho (X' Zg*. v)/Da{X1Z %, v) through
excitation of electronically excited singlet states and radiative
cascade. (T. Hs, Dol

Celiberto, M. Capitelli,N. Durante and U.T. Lamanna : Phys. Rev. Ah4, 432-438

(1996a)

EX R

EX R

Electron-impact cross sections involving electronically excited states in
H, molecules : B!EZ ,*t — 71 t{ramsition. [T, Ho: th. - 200 eV]

Celiberto, M. Capitelli and R. K. Janev : Chem. Phys. Lett. 256, 575-580 (1996Db)
Scaling of electron-impact electronic excitation cross sections of
vibrationally excited diatomic molecules. [T, Hz., Dsl

~Celiberto. M. Capitelti and R. K. Janev : Chem. Phys.Lett, 278, 154-158 (1997)

Scaling of electron-impact dissoeciative ionization cross sections of
vibrationally excited Hz and D, molecules. [T, Ho (v}, Dolv)]

_Celiberto, U.T. Lamanna and M. Capitelli : Phys.Rev. A58, 2106-2114 (1998)

Elastic, diffusion, and viscosity cross sections for collisions involving
excited atomic hydrogen. {T. H; not H»]

Celiberto, A. Laricchiuta, U. T. Lamanna, R. XK. Janev and M, Capitelli : Phys.

Rev. A60, 2091-2103 (1999) -

Electron-impact excitation cross sections for vibrationally excited
I'Z.* Hy and D, molecules to Rydberg states. [T, Hyo (v}, Da(v)]

- HZ 6 -



W.F. Chan, G. Cooper and C.E.Brion : Chem. Phys. 168. 375-388 (19920 O 1
Absolute optical oscillator strengths (11 - 20 eV] and transition moments
for the photoabsorption of molecular hydrogen in the Lyman and Werner
bands. fE. hv. H3J

D.Chen and G.A. Gallup : J. Chem Phys. 93, 8893-8901 (1990) -
The relationship of the virtual orbitals of self-consistent-field theory
to temporary negative ions in electron scattering from molecules.
[T. H2. N2, CoHs, C3Hs4, C4Hs; using Ci theory of Feshbach and Fano]

7. Chen and A.Z Msezane : Phys. Rev. A51, 3745-3750 (1995) -
Calculation of the excitation cross section for the B'Z % and C'IT,*
states in e - Hy scattering at 60 eV. [F. Hs)

R.V.Chiflikyan : High Temp. 34.1-6 {1996} -
Qualitative analysis of the relation between drift velocities of electroms
in gas mixtures and pure gases formming these mixtures in gas—-discharge
plasma. [T, Hz, N2, He, Ar. Kr, 02, CO. CDz. CF4]

H.Cho : Phys. Rev. A42, 6909-6911 (1990)
Coinrcident detection of D* and D(2S) from dissociative iomization of D»
by electron impact. [E. Do: 100 eV]

L. G. Christophorou, L. A. Pinnaduwage and P. G. Datskos : in Linking the Gaseous
and Condensed Phases of Matter. The Behavior of Slow Electrons, Plenum

415-442 (1994)
Electron impact to excited molecules. [review, Hz, 0o, S0, CgFs, etc.]

Y. M. Chung, E. -M. Lee, T. Masuoka and J. A. R. Samson : J.Chem. Phys. 99, 885-889
(1993 O -

Dissociative photoionization of Hy from 18 — 124 eV. (E. hv, H:)

R.W.Crompton : in Noneguilibrium Effects in lon and Electron Transport,
Plenum Press 11-36 (1990)
Beam, swarm and theoretical studies of low-energy electron scattering :
Some exemplers. {review, He. Ar, Kr, Ne. Hg N»]

R.W.Crompton and M. A. Morrison : Aust.].Phys. 46,203-229 (1993) O 1
Apalvyses of recent experimental and theoretical determinations of e - Hp
vibrational excitatiou cross sections : Assessing a long-standing
COntIOVersy. (T, H]

S.M.Cybulski and D.M. Bidhop : Chem. Phys. Lett. 250, 471-465 (1996)
Electron-correlated calculations of the nuclear-shielding polarizability
and magnetizability polarizability of Ho. No. HF and CO
[T. Ha. Nao. HF., €0} ‘

G. Danby, B. K. Elza, M. A, Morrison and W. K. Trail : J.Phys.B29, 2265-2287 (1996)

The separable representation of exchange in electron-molecule scattering :
1. Elastic scattering and rotational excitation. [T. Hy:; 0.05 - 10 eV]

- HZ T -



E A J.R da Silva, M. A.P.Lima, L. B. Brescansin and V.McKoy : Phys. Rev. Adl,
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collisions : Static exchange approximation. [T. Ho, Nz LiH, (9]
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L.A. Collins and B. I Schumeider : Phys. Rev. A27,101-111 (1983a) -
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D.P.de Bruijn and H. Helm : Phys. Rev. A34, 3855-3864 (1986)
Dissociative decay of n=3 levels in Ho. HO. Excited by laser from the
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(1987)
Double photoionization of Ho : An experimental test of electronic-
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Recent electron scattering cross sections derived from swarm transport
coefficients. {review, Ho, N, (0y, Hg, SFes, Ne, 0. CH4, CO]
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Theoretical investigations of low-energy e - K> scattering. [T, Hg]

R A N Feldt and M. A Morrison : 1. Phys. B15, 301-308 {1982) -
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Total cross section measurements for electron scattering from molecular
hydrogen at very low energies. (E, Hp; 0.02 - 2 eV, 2.5 %]
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J.¥W.Gallagher, C. E. Brion, J. A. R. Samsen and P. W. Langhoff : J.Phys. Chem. Ref.
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Ab initio inclusion of polarization effects in the Schwinger multichannel
formulation : Application to elastic e - Hp scattering.
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T.L.Gibson, M. A. P. Lima, V. McKoy aod W. B Huo : Phys. Rev. A35, 2473-2478 (1987)
Application of the Schwinger multichannel formolation to electron-impact
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E.A. Gisiason and N.H.Sabelli : 13th ICPEAC, Berlin 226-226 (1983)
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Photoabsorption probabilities for the D 3pm T, vibrational bands of Ha
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.Glass-Mauvjean : Atomic Data Nucl.Data. Tables 30, 301-311 {19844d) -

Transition probabilities for the D and B" vibrational levels to the X
vibrational levels and continuum of Ho. [T. Hs]

.Glass-Maujean.,J. Breton and P. M. Guyon : J. Chem. Phys. 83. 1468-1470 {1985)

Photoabsorption probabilities of Ho levels lying near the H{ls) + H{a=2)
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Photodissociation of vibrationally excited Ho by absorption into the
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.Glass—Maujean, P. M. Guyon and J. Breton : Phys. Rev. A33, 346-2350 (1986b)

Photodissociation into H(ls}) + H(n = 2) atoms : Total and partial
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Photodissociation of doubly excited states of Hp, HD, and'Dz
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.Glass-Maujean, J. Breton and P. M. Guyon : Z. Phys. D5, 189-201 (1987)
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.Gorse, M. Capitelli, M. Bacal and J. Bretagne : Chem. Phys. 102. 1-10 (1986)
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G. Graham : J. Phys. D17, 2225-2231 (1984)
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.Grosswendt : Nucl. Instrum. Meth. 198, 403-409 (1982) -

Determination of statistical fluctuations in ionization vield of low
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.P.Gupta and K.C.Mathur : Pramana 17, 81-91 (1981)
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in the Glauber approximation. [T, Ho; DCS. 36 - 200 evV]

V.X.Narasimham and A. 5. Ramachandran : Phys. Rev. A25, 2834-2837 (1982)
Erratum : Exchange correction to electron-hvdroegen-molecule scattering
cross section in the Glauber approximation (Phy. Rev.A23, 641 (1981)).

R. K. Nesbet, C. ). Noble, L. A. Morgan and C. A. Weatherford : J.Phys. B17, L891-L895
(1934)
Variational R-matrix calculations of ¢ + Ho scattering using numerical
asymptotic basis functions, [T. H3]

R. K. Nesbet, C. J. Noble and L. A.Morgan : Phys. Rev. A34, 2798~-2808 (1936)

Calculations of elastic electron scattering by Ho for fixed nuclei.
{T, Ha; 0 - 12 eV]
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H.Nishimura, A.Dagjo and H Sugahara : J.Phys. Soc. Jpn. 54, 1757-1768 (1985O 1
v Differential cross sections of electron scattering from molecular
hydrogen. I . Elastic scaticring and vibrational excitation

(X1Zg*, v=0—=1). [E Hz; 2.5 - 200 &V)

EX H.Nishimura and A.Danjo : I.Phys.Soc. Jpn. 55, 3031-3036 (1986) O 1
Differential cross section of eleciron scattering from molecular
hydrogen. H. B3Z .t excitation. [E, Hz: 12 - 60 eV}

EX C.].Noble, P. G. Burke and S. Salvini : J. Phys. B15,3779-3786 (1982) -
Low-energy scattering of electrons by diatomic molecules.
[T, Ho and N2; R-matrix. 0.01 - | Ryd]

V C.J.Noble.R K. Nesbet and L. A. Morgan : 13th ICPEAC, Berlin 218-218 (1983)
Variational R-matrix calculations of electron-molecule scajtering.
[T. Hz, N3]

EX C.J.Noble, T.T. Scholz, C. J.Gillan and P.G.Burke : 16th ICPEAC. New York 306
(1989)
Electronic excitation of Ho, N, 0> by low energy electrons.
[T. Bo. No. 03]

0 D. Normand, C. Cornaggia and J.Morellec : J.Phys.Bl19, 2881-2889 (1986)
Six-photon ionisation of Hy via the E, F '!Z .t vg. = 0 level. Absorption
of photons in the ionisatiom continpum [E, hv, Hz]

0 D Normand and J. Morellec : J.Phys. BZl, LBZS -L630 (1983)
Competition between photoionisation and predisociation of excited states
of Ho : laser intensity effects. [E, hv, Hj)

EX T.0gawa and J.Kurawaki : 13th ICPEAC. Berlin 284-284 (1983)
Translational energy and angular distributions of H® and D* produced
in e - Hg, D2 collisions.  [E, Hz, D5}

EX T.0gawa, M. Taniguchi and K. Nakashima : I5th ICPEAC, Brighton 339 (1987)
Time resolved analysis of the Balmer lines produced in e - Ho collsions :
Dissociation dynamics of hydrogen. [E. Hsl

EX T. Ogawa, M. Taniguchi, K. Nakashima and H. Kawazumi : Chem. Phys. 137, 323-330
(1989)
Distributions over the 4s, 4p and 4d sublevels and hydrogen atom
emission cross sections follownng e - Ho collisions.
{E. Hz; 19 - 100 eV)

S T.F.0 Malley :_J.ths.B13,1491—1504 {1980
Muitiple scattering effect on electron mobilities in dense gases.
(1. Ho. Ar, He, (05l

0 M. Ortiz and J.Campos : J.Chem Phys. 72, 5635-5638 (1930)

Emission of the Ho and HB lioes excited by electror impact oz Ho.
[E, Hz: 15 ~ 100 eV]
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E N.T. Padial and D.W.Norcross : Phys. Rev. A29, 1742-1748 (1984)
Parameter—-free model of the correlation-polarization potential for
electron-molecule collisions.

[T, Hp, No. CD, HF, HC1, CO; 0.1 - 10 eV]

A.C.Parr, J. E. Hardis, S. H. Southworth, C. S. Feigerle, T. A. Ferrett, D. M. P. Holland.
F.M. Quinn, B. R. Dobson, J. B. West, G. V. Marr and J. L.Dehmer : Phys. Rev. A37, 437-443
{1988)

Vibrationally resolved photoelectron angular distributions for Hp in the
range 17T eV = hv = 39 eV, [E, hv. Hp]

EX D. Pasquerault, A. Defrance and M. Hagene : J. Phys.BI8, L871-L873 (1985) -
Differential (0, 180°) excitation funciion of the C3IT, state of H»
by electron impact. [E, Hz)

S 1.Lj.Petrovic and R. W.Crompton : Aust. J. Phys. 40, 347-353 (1987)
v A swarm experiment in He - Ho mixtures ic examine vibrational excitation
of H» by electron impact. (E. H, + Hel

S ZI.Lj.Petrovic and R.W. Crompton : Aust. . Phys. 42 609-625 (1989) -
Electron transport coefficients inm carbon monoxide and deuterium.
[E, D2, CO]

S A V.Phelps : in Swarm studies and Inelastic Electron-Molecule Collisions,
Lake Tahoe, Springer 127-141 (1987a)
Relations between electron-molecule scattering and swarm experiments aad
analysis. [review]

o A.V.Phelps,B.M. Jelenkovic and L. C.Pitchford : 5th Int. Swarm Seminar,
Birmingham 41-44 (1987b)
Simple models of spatially dependeut electrun motion at exiremly hlgh E/n.
(E and T, HZ, NZ]

F. Pichou, R. . Hall, M. Landau and C. Schermann : J.Phys. B16, 2445-2456 (1983)
Observation of autoionising states in Hp and D» above 30 eV by electron
impact. (E, Hp, Dp: proton production)

—

E R.T. Poe T.F. Jiang and Y. Shan : J.Phys. B19, 3559-3564 {1986} -
v Electron - He scattering at intermediate and high energies.
[T, Hp; two-potential approach, 50 - 700 eV]

S. Pozdneev and V.Shcheglev : Chem. Phys. 123, 27-41 (1988) -
Application of the quantum theory of scattering to the calculation of the
simplest chemical reactions. [T. Kz, HD, Ds, No, Clo — 1o, HCL, HBr]

=

0 S.T.Pratt,P. M. Dehmer and J. L. Dehmer : I.Chem. Phys. 85, 3379-3385 (1986)
Phetoionizaiion dynamics of excited molecular states. Photoelectron angular

distributions and rotational and vibrational branching ratio for Ho
CiIla, v =10 - 4 [E, hv, HsJ

0 P.Quadrelli and K.Dressler : J.Mol. Spectrosc. 86, 316-326 (1981)

Molecular constants for the 1*I1; and J'A s states of the 3d complex
in Hp, HD. and Da. (T. Hp, HD, D2)
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N.B.Rao and H.S.Desai : 14th ICPEAC, Palo Alto 220-220 (1985}
Scattering of electrons by hydrogen molecule in independent united aton
model. [T, Ho; 100 - 800 eV]

N.$.Rac : Indian J.Phys. 60B, 232-234 (1986) -
Inelastic scattering of electrons by hydrogen molecule in independent
united atom model. [T, Hal ’

N.S.Rao and B S.Desai : Indian J.Pure Appl. Phys. 25, 255-257 (1987)

An analvtical study of higher-order exchange amplitvde for ¢ - Ho
elasiic scattering. [T. H,]

M. Rapult and Ch. Jungen : J.Chem. Phys. 74, 3388-3399 (1981)
Calculation of vibrational preionization in Ho by multichannel
quanium defect theory : Total and partial cross sections and photo-
eleciron angular distributions. [T. hy, H?]
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Third version of a program for calculating the static interaction
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G. Raseev and H. Le Rouzo : Phys. Rev. AZ7.268-284 (1983)
Electronic ab initio quantum—-defect theory. Low-resolution H»
photeionization spectrum. [T. hv, Hz]

M. J. Redmoen, B. C. Garrett, L. T. Radmon and C.W.McCurdy : Phys. Rev. A32, 3354-3365
{1985) -
Improved impaci-parameter method for electronic excitation and
dissociation of diatomic molecules by electron impact.
[T, Ho; X'Z .t B'Z,%, B 1T .* states, rot.-temp. dependence]

T.N.Rescigno and A. E.Orel : Phys.Rev. A24,1267-1271 (1981) -
Separable approximation for exchanmge interactions in electron-mofecule
scattering. [T. Hp, LiH:; 6.01 - 1 Ryd]

T.N.Rescigno and B. I.Schneider : J.Phys. B21, L691-L695 (1988) -
Electron-impact excitation of b3E,* state of Ho using the complex
Kohn method : R dependence of the cross section. [T, Hz: 12 - 30 eV}

J.A. Richards and F.P.Larkins : J.Phys. B17,1015-1026 (1984) _
Molecular photoionisation calcutations with numerical continpum
wavefunctions : Application to the hydregen molecule. [T. hy, Hsl

J.A. Richards and F.P.Larkins : J.Phys. B19, 1945-1957 (1986
Photoignisation cross section calcelations of Ho and Ho* wsing numerical
continuum wavefunctions. (T. hv. Hsl

B.Ritchie : Phys. Rev. A35,5108-5113 (1987)
Theory of transient stimulated Raman scattering in Hs. [T, hy, H2]

F.Rossi and J. Pascale : Phys. Rev. A32, 2657-2669 (1985)
Pseudopotential molecular-structure calculations for alkali-metal-
atom - Hp systems. [T, e + Ha; 1 - 10 eV]
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The ratio of lateral diffusion coefficient to mobility for electrons in
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W.Roznerski and K. Leja : J.Phys.DI7. 279-285 (1984)
Electron drifi velocity in hydrogen, nitrogen, oxvegen, carbon monoxide,
tarbon dioxide and air at moderate E/N.
(E, Hz, Nz, 02, C0. CO2 Nz + 02]

W.Roznerski,K. Leja and Z. Lj.Petrovic ; 5th Int.Swarm Seminar, Birmingham
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Transport coefficients for electrons in deuterium. {E. D-]
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The characteristic emergy of electrons in hvdrogen. [E. Hz]
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Photoionization cross sections of rovibrational levels of the B '3,
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V. D. Rusanov, A A. Fridman and G. V. Sholin : Sov. Phys. Usp. 24, 447-474 (1981) -
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excitation of molecules. (review, Ho, CHa, 0z, NO, Nz, CO, €Oz I etc.]

B.C.5aha : Indian J. Phys. B63, 130-148 (1989) -
A vibrational averaging technique for calculating e- - molecule cross
sections. [T, Hs, Nz}

K. Sakimoto : J. Phys. B22, 2727-2739 (1989)
Influence of electric fields on highly excited states of Ho, : quantum-
defect-theory approach. [T, hv. H]

S.Salvini,C. ). Noble and P.G. Burke : 13th ICPEAC, Berlin 234-234 (1983)
Electron scattering by diatomic molecules. [T. H2, Nzl

J.A R Samson and L.Yin : J.0pt. Soc. Am. BS, 2326-2333 (1989)
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[E, hv, Hz. Nz, 02, CO, NZU, Cﬂz, CH4, Ar - Xe]

J.A. Sanchez and J.Campos : J. Physique 49, 445-449 {1988) -
Radiative lifetime measurements for H, molecule.
[E. Hz: many levels, lifetimes range 34 -~ 110 ns)

H. Sato and S.Hara : J.Phys.B19, 2611-2615 (1986) -

Theoretical study of autoionising states of molecules : II. The "2 .% and

TT, states of Ho. [T, Hsl
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519-526 (1987)

EX
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D.

Electron impact excitation and radiometric applications.
(compilation, E, Hs. N He - Xel

.1.8chaeider and L. A Collins : Phys. Rev. A24, 1264-1266 (1981)

Linear-algebraic approach to electron-moiecvie collisions : Separable
exchange approximations. [T. Hz, LiH; 0.04 Ry)

.I.Schneider and L. A Collins : J. Phys.Bl15,L335-0L340 ({1982)

Application of ab-initio optical potentials fo low-energy electron - Hj
scattering. [T, He; 0.13 - 10 eV] :

. I.Schaeider and L. A. Colltins : Phys. Rev. A27, 2847-2857 {1983a) -

Ab initio optical potentials applied to low-energy e - Ho and e - No
collisions in the linear-algebraic approach. [T, U2, N3]

. 1.Schneider and L. A. Collins : Phys. Rev. A28, 166-168 {1983b) -

Examination of the 'T s resopances io low-energy e - Ho* collisions.
[T. Ho* only]

_1.Schneider and L. A Collins : J.Phys.BIS, L857-L863 (1985) -

Electronic excitation of the b3§_1u’r state of H> by electron impact in the
Iinear algebrac approach. (T, Hs]

.1.Schneider and L. A.Collins : Phys. Rev. A33, 2970-2981 (1986a)

Direct interaction-variation method for scattering problems.
[T. H>, LiH, N2: 0 - 1.36 eV]

. I.Schneider and L. A Collins : Phys. Rev. A33, 2082-2988 (1986h)

Electronic excitation of atoms and molecules using the linear-algebrac
method. [T, Ho, H, He, Ho*; B3Z ., th.- 30 eV for H;)

.1.5chneider and T.N.Rescigno : Phys. Rev. A37, 3749-3754 (1983)

Complex Kohn variational method : Application to low-energy electron~
molecule collisions. [T, H,]

.Sen, K. Rai Dastidar and T.K. Rai Dastidar : Phys. Rev. A38, 841-848 (1988)

Effect of laser intensity on (2 + 1)-photon ionization of the hydrogen
molecule via the E,F!Z: state. [T, hv, Hs]

.Sen, K. Rai Dastidar and T.K.Rat Dastidar : Phys. Rev. A40. 735-741 (1989

Effect of laser intensity on (3 + 1)-photon resonant enhanced multiphoton
ionization of a H, molecule via the B' '3, state. {T. hv. Hs]

.S.Sharma and A. J. Thakkar : Phys. Rev. A36. 5151-5158 (1987)

Moments of the Bethe surface and total inelastic X-ray scattering cross
secltions for Hs. (T. hv. Hs]

F.Shemansky, ]. M. Ajello and D.T.Hall : Astrophys.J. 296, 765-773 {1985) 1.
Electrop impact excitation of Ho : Rydberg band systems and the benchmark
dissociative cross section for H Lyman-alpha. [E. H,]
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.Shimamura : Chem Phys. Lett. 73, 328-333 (1980)

State-to-state rotational transition cross sections from unresulved energy
-loss spectra. Igeneral theory]

.Shimamura : Phys. Rev. A23, 3350-3353 (1981)

Energy loss by slow electrons and by slow atoms im a molecular gas.
[general theory]

.Shimamura : J.Phys. Bi5, 93-100 (1932a)

Sum rules for the rotational structure in the molecular tran31tton spectrum.
[general theoryl]

.Shimamura : Z.Phys.A309, 107-117 (1982h)

Moments of the spectra for rotational transitions induced by collisions or
by external perturbations. igeneral theory)

.Shimamura : Phys. Rev. A28, 1357-1362 {1983)

Partial-sum rotes for and asymmetry between rotational transitions ] *
A) < ]. {general theory]

I.Shimamura and K Takayanagi (Bd) :_Electron-Molecule Collisions. Plenum
(1984}

I.Shimamura : Sci.Papers of Inst.Phys. Chem. Res. 82, 1-51 (1989) I

Cross sections for collisions of electrons with atoms and molecules.
[compiiation, H,, He - Xe, etc.]

.W.Shyn, W. E. Sharp and Y. -K. Kim : Phys. Rev. A24, 79-88 (1981a)

Doubly differential cross sections ejected from gases by electron impact
25 =~ 250 eV on H». {E. H3]

.W.Shyn and W.E. Sharp : Phys.Rev. A24, 1734-1740 (19810) O 1

Augular distribution of electrons elastically scatterd from Ho.
[E. Hp}

.J].Spezeski, 0. F. Kalman and L.C. MclIntyre, Jr. : Phys. Rev. A22, 1906-1915 (1980)

Time-of-flight study of H(2S) and D{25) produced by electron impact on
H> and Ds : Fast peaks. [E, Hp, Ds: 29 - 100 eV]

.Staszewska,D. W. Schwenke and D. 6. Truhlar : J. Chem Phys. 81, 335-343 (1984)

Complex optical potential method for electron-molecule scattering,
elastic scattering, and rotational excitation of Hp at 10 - 100 eV
(T, Hsl

A Stephens and F. Robicheaux : Radiat.Res. 110, 19-34 {1987)

Resonance effect on the moderatian of stow electrons in diatomic gases.
[ . Haz, N

G.C.Stutzin, A. T. Young, A. 5. Schlachter, K. N. Leung and W. B. Kunkel ; Chem.Phy&
Lett. 155, 475-480 (1989)

In situ measurement of rovibrational populations of Ho ground state in
a plasma by VUV laser absorption. [E. hv. Hy}
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P. Subramanian and V. Kumar : J. Phys. B22, 2387-2392 (19890 1
Total electron scattering cross sections for molecular hydrogen at low
electron energies. [E, Ho: 0.21 - 9.14 eV, error 2.7 %]

CH.Suck Salk and €. K. Lutrus : Phys.Rev. A38, 3388-3394 (198%)

T-matrix study of resonant reactive scattering and comparison between
direct and indirect scattering contributions to the dissociative
attachment process of e + AR — A + B-. [T. B, BC1)

.Sur and A S.Ghosh : Indian.J. Phys.B57.67-70 (1983a) -

Local model exchange potentials. [T. He

.Sur and A.S.Ghosh : 13th ICPEAC, Berlin 221-221 (1983b)

Electron hydrogen molecule scattering al low energies. [T, Hs]

.Sur and A.S.Ghosh : Phys. Rev. A29, 2236-2238 {1984)

Rotational excitation of hydrogen molecules by electron and positron
impact. [T, Ha]

E S.Sur and A.S. Ghosh : J.Phys.B18, 539-546 (1985)

R Model exchange potential and e~ - Hs scattering. [T, Ho; 0 - 20 eV]

QT K. Szalewicz, W.Kolos, B J. Mookhorst and C. Jackson : J. Chem. Phys. 80, 1435-1439
{1984)

QT C.

Effect of vibrations on the energy unresolved electron scattering by
H, and D,. [T, Hs, Do; high emergyl]

Szmytkowski : Z.Phys.DI13, 69-73 (1989)

O0n trends in total cross sections for electron (positron) scattering on
atoms and molecules at intermediate energies.

{1, Ha, etc.: 100 - 500 eV. polarizability]

.Takagi and H. Nakamura : J. Phys.Bl3, 2619-2632 (1980}

Elastic scattering of electrons from Ho* : phaseshifts, quantum defects
and two-electron excited states. [T, Hz*: not H3]

.Takagi and H. Nakamura : J.Chem. Phys. 74, 5808-5813 (1981}

Autoionization of highly excited Rydberg states of diatomic molecules.
{1, Hs; see ©P.M. Dehmer : J§.Chem Phys. 65. 2243 (1976)]

.Takagi and H. Nakamura : Phys. Rev. A27,691-708 (1983)

Two-electron excited states and adiabatic quantum defects of Hz :
Analysis of elastic scattering of electrons from Hot. [F, Hz*]

.Takatsuka and V.McKoy : Phys. Rev. Lett. 45, 1396-1399 (1980)

Schwinger variational principle for multichannel scattering.
[T, general theory)

.Takatsuka and V.McKoy : Phys. Rev. A23, 2352-2358 (1981a)

Variational scattering theory using a functiomal of fractional form
I. General theory. [general theory]

3
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K. Takatsuka and V. McKoy : Phys. Rev. A23, 2359-2364 (1981h)
Variational scattering theory using a functional of fractional form.
0. An L2 approach. [T. general theory]

K. Takatsuka, R. R. Lucchese and V. McKoy : Phys. Rev. A24, 1812-1816 (1981c)
Relationship between the Schwinger and Kohn—type variational principles
in scattering theory. (T,

K. Takatsuka and V.McKoy : Phys. Rev. A24, 2473-2480 (19814)O
Extension of the Schwinger variational principle beyond the static-
gxchange approximation. [T. general theory]

K. Takatsuka, M. -T. Lee and V.McKoy : 12th ICPEAC, Gatlinburg 303-304 (1981e)
The application of a fractional C-functional for electron-molecole
scaltering. (T,

K. Takatsuka and V.McKoy : Phys. Rev. A30, 1734-1740 (1984} O
Theory of electronically inelastic scattering of electron by molecules.
[T, general theory]

S.M.Tarr, J. A Schiavone and R. S. Freund : Phys. Rev. Lett. 44, 1660-1663 (1980)
Obervation of direct excitation of high-grhital-angular-momentum
high-Rydberg states by threshold-energy eleciron collisions.

[E. Hz, N2l

S.M. Tarr, J. A. Schiavone and R.S.Freund : J.Chem. Phys. 74, 2869-2878 (1981)
Long-lived high-Rydberg molecules formed by electron impact : Ho, Ds, N2
and CO. [E, Ha, D2, N2, CO; th.- 80 eV]

M. D Tasic, 2. Lj. Petrovic and J.M. Kurepa : Chem. Phys. 134, 163-172 (1989)
The influence of fast excited H fragments on Balmer line emissien
cross section measurements for Ho and NHs molecules. {E, H;. NHs]

H. Tawara, T.Kato and M. Ohnishi : Nagova Univ. Rep., IPPJ-AM-37.1-321 (19%%)
lonization cross sections of atoms and ions by electron impact.
fcompilation; He, p. 13 - 15]

H. Tawara, Y. Itikawa, Y. Itoh, T. Kato, H. Nishimura, S. Ohtani, H. Takagi. K. Takavanagi
and M. Yoshino : IPPJ-AM-46, Inst. Plasma Phys., Nagoya University 1-43 {1986)
Atomic data involving hydrogens relevant to edge plasma.
{compilation, Hz]

H.Tawara, Y. [tikawa, H. Nishimura and M. Yoshino : [PPJ-AM-55, Inst. Plasma Phys.
Nagoya University 1-32 (1987a)
Atomic data for hydrogen in collisions with electrons. - Addenda to IPPI-
AM-46. [compilation, Hsz]

H. Tawara and T.Kato : Atomic Data Nucl.Data Tables 36, 167-353 (1987b)

Total and partial ionmization cross sections of atoms and ions by electron
impact. fcompilation, Hz, Do, H - U]
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0 H Tawara and R A Phaneuf : Comments At.Mo!l. Phys. 21,177-193 (198%8) -
Atomic and molecular data requirements for fusior plasma edge studies.
[comments., Hy, CHa, C2Hp, CsHy. H20. CO. C02. 053]

V B.L.Tembe and A Mozumder : J.Chem Phys. 78, 2030-2038 {1983)
EX Electron thermalization in gases. V. Diatomic molecules Ho, N, and CO.
[T, Hp, No, CO]

EX A Temkin : in _Electronic and Atomic Collisions, Norih-Hoiland Pub. Co.,
11th ICPEAC, Kyoto 95-107 (1980)
Theory and calculation of electron-molecule scattering.
[T, Hz, N2, CH4, SFé}

0 J.Tennysom : J. Phys. B20, L375-1L378 (1987)
Fully vibrationally resolved photoionisation of Hz and Do.
[E, hv, Hp Do; 584 Al

E A J. Thakkar.A.N. Tripathi and V.H.Smith, Jr.: Phys. Rev. A29, 1108-1113 (1984)
Molecular X-ray and electron-scattering intensities. {T. Ho, Nol

V D G Thompson : in_Advances in Atomic and Molecular Physics, Voi.19, Academic
309-343 (1983 - ‘
The vibrational excitation of molecules by electron impact.
[review, Ho, Nz, €0, CO,, HCIl, etec.]

V S.Trajmar : Acc.Chem. Res. 13, 14-20 (1980) -
Electron impact spectroscopy. [review, H2, N>, 0o, He, Ba, UFs]

EX §.Trajmar.D.F. Register and A. Chutjian : Phys. Rep. 97, 219-356 (1983) 1
Electron scattericg by molecules. H. Experimental metheds and data.
[review., Hp, p.235-260]

EX 5. Trajmar and D.C.Cartwright : Electron-Mclecuie Interactions and Their
Applications, Vol.l, Academic Press 155-249 (1984)
Excitation of molecules by eleciron impact. [review]

0 I.I[.Tugov : Bull.Acad. Sci. USSR Phys. 50, No.6, 100-106 (1986} -
Nonlinear photoprocesses in diatomic molecules. Experimeni and theory.
[E and T, hv, Hg. NQ. 12. CSz, NU]

0 L.Ulivi, Z.Lu and G. C. Tabisz : Phys. Rev. A40, 642-651 (1989)
Temperature dependend of the collisional interference im the pure
rotational far-infrared spectrum of HD. [E, hv, HD; 77 and 195 X]

EX P.J.M. van der Burgt, ¥. B. Westerveld and J.S.Risley : J. Phys. Chem Ref.Data
18, 1757-1805 (1989)
Photoemission cross sections for atomic transitions in the exireme
uitraviolet due to electron collisions with atoms and molecules.
[review, Hp, No, 02, 0, NO, He - Xe, C02, H20, NHs, CHs, eic.]
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QT B. van Wingerden, R. W. Wagenaar and F.J. de Heer : J. Phys. B1J, 3481-349]
(1980a) O 1
Total cross sectioms for electron scattering by molecular hydrogen.
(E, Hz; 25 - 750 eV, 4 %]

QT B. van Wingerden ; PhD Thesis, Amstérdam 1-132 (1330b) -
E Electron scattering on molecular hydrogen.
I [E, Hp: Qr 25 - 750 eV, elastic DCS 100D - 2000 eV. 5 - 50° )

I B.van Wingerden, J.T. N. Kinman, N. van Tilburg and F.J. de Heer : J. Phys. Bl4,
2475-2498 (1981)
_ Triple and double differentiat cross sectiens for eleciron impact
“ionisation of helium and molecular hydrogen. [E, Hp, He: 200 - 2800 eV]

R E.F Varracchio and U.T.Lamanna : J.Phys. B17. 4395-4409 (1984)
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[E, Ho, N2, CO, COo; 10 -~ I5 eV, 7 - 127", example is N2 at 13 eV]
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References for Hz, HD, Do and To {1900 - 1979)

{Hydrogen, Deuterium hydride, Deuterium, Tritium)

E : Elastic collision, R : Rotatiomal excitation

¥ : Vibrational excitation, -~ EX : Electronic excitation

D : Dissociation, 1 : lomization.

A Attachment, QT : Grand total cross section,
S ¢ Swarn, ' « : lonization coefficient,

0 : The others, [ ]1: Additional informations,

E : Bxp., T : Theory.

The oldest paper tn this list is given by I.S. Townsend {(1901)
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I B.Adamczvk, A.J. H. Boerboom, B. L. Schram and J. Kistemaker : J. Chem. Phys. 44,
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Quasi-bound states in Hs. (T, H,l

A. C.Allison and A.Dalgarno : Atemic Data 1.91-102 {(1969b)
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Electron impact excitation of the G1Ez* state of Hi. [E, H3]
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A M. Arthurs and A Dalgarno : Proc. Roy. Soc. London A256, 540-551 (1960)

The theory of scattering by rigid rotator. [T, general theoryl]

L. Asbrink : Chem. Phys. Lett.7.549-552 {1970)

Photoelectren spectrum of Ho. [E, hv, Hz; 15.5 - 18.3 eV]

0. Ashihara : ISAS Report No. 530, Tokyo 1-18 (1975)

The electiron energy lass rates by polar motecules. [T. Hp, CO

V.M. Atrazhev and [.T.Yakubov : J.Phys. D10, 2155-2163 (1977)

The electron drift velocity in dense gases. [T, Hs, He, Ar. No, CH4l
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.L.R. Ayres : Phil. Mag. 45, 353-368 (1923)

The ionization by collision of hydrogen. nitrogen, and argon.
[E. Hz. Nz. )\l‘]

_Bacal and G.W.Hamilton : Phys. Rev.Lett. 42, 1538-1540 (1979)

H- and D~ production in plasmas. [E, Ho, Ds]

Backx : PhD Thesis., Amsterdam 1-106 (1975b)
Dipole excitation and fragmenlation of Hz, HD, D2, and CHa.
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Elektronenreflexion in Gasen. (Untersuchung ven Wasserstoff). [E, Hz]

_A.Bailey : Phil.Mag. 9.560-367 (1930a)

The behaviour of electrons im magnetic fields. [T and E. Hs]

_A.Bailey : Phil. Mag.9.625-629 (1930b) :

The behaviour of electrons in magnetic fields. (T and E, H:)

_Baille and J. W Darewych : 10th ICPEAC, Paris I,502-503 (1977a)-
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Comparison of local exchange potentials for electron scatiering by
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M. Barai,]. Baudoz et S.Bliman : J.Physique 28.363~376 (1967) -
Les resonances dans les collisions atomiques. I . Resonances elastiques
electrons-atomes, electrons-molecules.
(Resonances im atomic collisions. 1. Elastic electron-atom, electron-
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J.N.Bardsley, A. Herzenberg and F. Mandl : Proc. Phys. Soc. London 89, 305-319
(1966a)
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Predicted angular distribution for resonant scattering of electrons by
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J.N.Bardsley and F.Mandl : Rep.Prog. Phys. 31, 471-531 (1968b)
Resonant scattering of electrons by molecules.
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J.N.Bardsiey ard J.S.Cohen : J.Phys.Bll, 3645-3654 (1978)
Variational calculation of resomant states of Ho™. [T, H]

“J.N.Bardsley and J.M. Wadehra : Phys. Rev. A20, 1398-1405 (1979a) 1
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Molecular resonance phenomena.
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A.D.Barlas. W. Rueckner and H.F. Wellenstein : Phil. Mag. 36, 201-207 (1977) -
High energy electron impact spectroscepy measurement on the Compton
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S.F. Barpa,D.Edetson and K. B. McAfee : J.Appl. Phys. 35, 2781-2782 (1964)
First Townsend iomization coefficients in hydrogen and deuterium
[E, Hz. D2]

R. G.Barnes, P. J. Bray and N. F. Ramsey : Phys. Rev. 94, 893-902 (1954)
Variations of hydrogen rotational magnetic moments with rotational
quantum number and with isotopic mass. [E. hv. Hp D»)

A Bartels : Phys. Rev. Lett. 28, 213-215 (1972)

Pressure dependence of electron drift velocity in hydrogen at 77.8°K
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A Bariels : Appl.Phys. 8, 59-64 (1975
Density dependence of electron drift velocities in helium and hydrogen at
77.6 K. [E, Ho, He]

K. Batabyal, A. K. Barua and B.N.Srivastava : Indian J.Phys. 39, 219-226 {i965)
ITonization cross-section of atoms and molecules by electron impact.
(T. Hz. N 02, Be - Xe, CO, CHs, etc.]

D.R. Bates, A. Fundaminosky, H. S. ¥. Massey and J.W.Leech : Phil. Trans. Roy. Soc.
London 2434, 93-143 (1950)
Excitation and ionization of atoms by electron impact. The Born and
Oppenheimer approximations. Part I and Part II.
[T. H. He. Ne. Na. He. no Hy] ?

E. Bauer and C.D.Bartky : J.Chem. Phys. 43, 2466-2476 (1965a)
Calculation of inelastic electron-molecule coilision cross sections by
classical methods. [T. Hp. He. N, NO, 02, (0, CoHs]

E. Baver and C.D. Bartky : Philce Report No.U-2943 California 1-116 (1365b)
Calculation of inelastic electron-atom and electron-melecule collision
cross sections by classical methods. (T. Hy, Nz. €0, etc.]

N. Bauer and I.Y.Beach : J. Chem Phys. 15. 150-151 (1947)
Differences in mass spectra of Ho and D». [E, Ha, Do: 30 - 100 eV]

E.C. Beaty, J.Dutton and L.C.Pitchford : JILA Information Center Reporf No. 20,
1-240 (1979)
A bibliography of electron swarm data. [compilation]

K. B. Becker and E.H. Fink : Z. Naturforsch. 26a. 319-320 (1971)
Relative line intensities in the Lyman bands of HD and Ho.
(E. hy, H., HD]

B. Bederson and L. J.Kieffer : Rev.Mod. Phys. 43, 601-640 (1971) -
Total eleciron-atem cellision cross sections at low energies —
A critical review.
[review, Ho, N2, 02, H He - Xe, Li - Cs, Cd, Hg, N, 0, etc.]

I.N.Begun and Z.H. Khan : Bulg. J. Phys. 23, 27-36 (1965)
Some modifications in the Glauber theory for electron-atom and electron-
molecule scattering. (T. Bp. He. Li]

G. Bekefi and S.C.Brown : Phys.Rev. 112, 159-164 (1958)
Collision cross section and energy loss of slow electrons in hydrogen.
[E. Hp; momentum fransfer c.s. ]

A.T.Bell : Indusi.Eng. Chem. Fendam. 11, 209-215 (1972) -
A model for the dissociation of hydrogen in ao electric discharge.
[, Hel

K.L.Bell, A,E.Kingston and W. A.McIlveen : J. Phys. B8, 659-664 (1975)

The free-free absorption coefficient of the negative ion of molecular
hydrogen. [T, Ho:; 0.1 - 10 eV]
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Transport coefficients and energy disiributions of electrons in gases.
[T, Hy, N2. Hel

S.W. Benneit, J.B. Tellinghuisen and L.F. Phillips : J.Phys. Chem. 75, 719-721
(1971)
Absorption coefficients and ionmization yields of some small molecules at
53.4 nm. (E. Hz. He. Ar. Na. 03, CO. NO, Ng0, H»0, CO2, NHs, CHs CoHs,
CH:0H, C,Hs0H, etc.!

W.H. Bennett and L.H. Thomas : Phys. Rev. 62, 41-47 (1942a) -
Mobilities in some free electron gases.
[E and T, Hz, Do, N>, Ho # NQ. H2 + N(:‘]

W.H. Bennett : Phys.Rev.62, 369-371 (1942b)
Mobilities in nitrogen at high current densities. [E. Hy t N2, N3]

R.0.Berger, T.F. 0’ Malley and L. Spruch : Phys. Rev. 137, ALO68-AL075 (1965)
Extrapolation of cross-section data to zero energy for long-range
effective potentials. {T. general theory] :

J.Bergeron and S.Collin-Souffrin : Astron. Astrophys. 25.1-8 (1973)
Secondary electrons and energy per ion-pair in a thermal gas for
glectron, proton and X-ray ionization. [T, Hz]

J.Berkowitz, H. Ehrhardt and T. Tekaat : Z.Phys. 200, 69-83 (19673)
Spektren und Winkelverteilungen der Photoelektronen von Atomen und
Molekulen. [E, hv, Hg, No, Kr, 82, C0, NO, CH4. CoHg, CsHg, D‘C4H10]

J.Berkowitz and W. A. Chupka : 5th ICPEAC, Leningrad 603- {19670)
High-resolution photoionization and mass analysis of small molecules.
[E, hy, Ha ]

J.Berkowitz and W. A Chupka : J.Chem Phys. 51, 2341-2354 (1969)
Photoelectren spectroscopy of autoionization peaks. (E, hv. Hy, Nol

J.Berkowitz and R. Spohr : I.Elect. Spectrosc. Relat. Phenom. 2, 143-152 (1973)
Comparison of photoelectron intensities and Franck-Condom factors in the
photoionization of Hp, HD and Ds. [E, hv, He, HD, D5l

M. J. Bernstein : Phys.Rev. 127, 335-341 (1962a)
Electron drift and diffusion measurements in Ho and Do with crossed
electric and strong magnetic fields. [E. Hy, Ds)

M. J.Bernstein : Phys.Rev. 127, 342-345 (1962b)
Townsend ionization coefficient for hydrogen in a transverse strong
magnetic field. [E, H»]

H. Beotler und H.-0. Junger : Z.Phys. 101, 285-303 (1936)

Pradissoziation und Autoionisierung in den Termfolgen des Wasserstoff-
{H,-) Spektrums. [E. hv. Hs]
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K. 0. Bever und K. H Welge : Z.Naturforsch. 19a, 19-28 (1964}
Photodissoziationen von Hz, Np, 0z NO,-C0, Hp0, €02, und NHs; im extremen
Vakuum-UY. [E. hb’, HQ, N2, 02. N0, CO, HQO. C02. NH3]

K.0.Bever und K. H. Welge : Z.Naturforsch. 22a, 1161-1170 (1967)
Photodissoziation zu elektronisch angeregten Bruchstucken von He, H20, und
NH; im extremen Vakuvum-UV. - 1I. [E. hv, Hp, H20, NH3: 645 - 1500 A]

}.D. Beynon : Nature 207, 405-405 (1965)
An experimental determination of the photo-ionization cross-section of
atomic hvdrogen. [E, hv, Ho, H; 850.6 A]

J.D. Beynon : Proc. Phys. Soc. London 89, 59-61 (1966)
Further measurements of the photoabsorption cross section of atomic
hydrogen. (E, hv, Hp, H; at 840 and 826 A}

P.K.Bhattachayya and A.S.Ghosh : Phys. Rev. A12, 480-485 (1975)
Elastic scattering of electrons by hydrogen molecules using the eikonal
approximation. [T, Hz: DCS, 9.4 - 100 eV]

P.K. Bhattachayya and A.S. Ghosh : Phys. Rev. Al4, 1587-1599 (1376)
Application of the eikonal amplitude to rotational excitations of
diatomic molecules by electron impact. (T, Ho; 1 = 1—=3, 40 eV]

D. K. Bhattacharyya and L.-Y.C.Chiu : J. Chem. Phys. 67, 5727-5734 ({1977)
Theoretical radiative lifetime of the metastable c3ITy state of Ha.
[T, Hgz]

P.K.Bhattachayya, K. K. Goswami and A.S.Ghosh : Phys. Rev. A18, 1865-1877 (1978
Elastic and pure rotational excitation of the hydrogen molecule by
intermediate-energy electrons. IT, H»l

M. A.Biondi : in Advances in Electronics and Electron Physics, Vol.18,
Academic Press 67-165 (1963) -

Atomic collisions involving low energy electron and ions.

(review, Ho. H, 0. He., Ar - Xe. Nz, 0 Hp0, C0;, N0, NHs, SFs; ref. 253]

G. Birnbaum : J. Quant. Spectrosc. Radiat. Transf. 19,51-62 (1978)
Far-infrared absorption in H,, and Ho - He mixtlures.
[E, hv, Hp, Hp + He; 20 - 900 cm™*, 77.4 - 292 K]

D. M. Bishop and S.-K. Shih : J.Chem Phys. 64, 162-169 (1976)
An effective Schrodinger equation for the rovibronic energies of Hs
and Do, [T, Hz, Dl
?
E.S.Bishep : Phys. Rev. 33, 325-353 (1911)
An absolute determination of the minimum ionizing energy of an electron,
and the application of the theory of ionization by collision to mixtures
of gases. [, Hs
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_H.Black and A.Dalgarno : Astrophys. J. 203, 132-142 (1976)
Interstellar Hy : The population of excited rotational states and the
infrared response to ultraviolet radiation.
{T, Hp: lifetimes z (v. 1), v=0- 14, ] =0 - 10}

M.S.Blackett und J.Franck : Z. Phys. 34, 389-401 (1925)
Anregung von Spektren des Wasserstoffs durch Elektronenstoss.
[, Hz}

A M. Blasberg and F.J.de Hoog : Physica 54, 468-472 (1971)
Measurements of the primary ionizatioen coefficient in Hs. [E. H:]

.Bleakney : Phys. Rev. 35 1180-1186 (1930)
The ionization of hydrogen by single electron impact. [E. Hsl

.Bleakney : Phys. Rev. 40, 496-501 (1932)
The tonization potential of molecular hydrogen. [E, Hp; 15.37 £ 0.03 eV]

_A.Blevin, S.C. Haydon and J. M. Somerville : Nature 179, 38-39 (1957a)
Effect of gaseous impurities on the first Townsend coefficient in
hydrogen. [E, Hsz]

CA Blevin and S.C.Haydon : Aust.J.Phys. 10, 590-594 (1957b)
The theoretical evaluation of the Townsend coefficient a@/p for hydrogen.
[T, H»]

_A. Blevin and S.C. Havdon : Aust.J.Phys. 11, 18-34 (1958)
The Townsend ionization coefficients im crossed electric and magnetic
fields. [T. Hz; H.A Blevin : M. Sc. Thesis, U New England (1956)]

A Blevin and S.C. Haydon : Proc. Phys. Soc. London 81, 490-492 (1963)
The interpreiation of breakdown characteristics of electrodeless
discharges in transverse magnetic fields. [T, Hp. Ar, N» + 0s]

A Blevin and M. Z.Hasan : Aust. ). Phys. 20, 735-739 (1967)
The measurement of electron drift velocities. [E, Hy; E/N = 36 - 150 Td]

A Blevin and H. M. P.Stock : J.Phys.D6. 1467-1476 (1373)
Prebreakdown current growth in crossed electric and magnetic fields at
low gas pressures : Jl. Spatial growth of current. (E. Hp only]

_A.Blevin, J.Fletcher. S. R. Hunter and L.M.Marzec : J. Phys. D9, 471-47% {1976a)
An experimental study of photons from a Townsend discharge in hydrogen.
[E, H:]

_A.Blevin, J.Fletcher and S. R Hunter : J.Phys.D9, 1671-1679 (1976b)
The electron drift velocity and longitudinal diffusion coefficient of an
electron swarm in hydrogen at elevated swarm energies. (E, H.]

A Blevin, J.Fletcher and S.R Hunter : Aust.J.Phys. 31, 299-312 (1978a)
A Monte-Carle simulation aof the behavieur of electron swarms in hydrogen
using an anisotropic scattering medel. [T. Hzl
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H.A. Blevin, J. Fletcher and §. R Hunter : I.Phys.DIl. 1653-1665 (1978b)
The effect of non-uniformities or the measured transport parameters of
electron swarms in hydrogen. [E., H]

H A.Blevin, . Fletcher and S.R. Hunter : J.Phys. D11, 2295-2303 {1978¢)
Measurement of the transverse diffusion and Townsend s first iomisation
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Publishing Co.. Chapter 2, 91-158 (1972) -

Precision measurements of electron transport coefficients.
(review, Hz, Do, He - Xe, No, (p, (0, 03]
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interaction treatment. [T. Hs!

A Farkas : Grthohydrogen, Parahydrogen and Heavy Hydrogen, Cambhridge
University Press (1935)

L.Ferrari : Physica C85 161-179 (1977)
Inelastic collisions and velocity distribution function of electrons in a
gas in an electrie field. [T, Ho: B.Eq.]-
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formation of Hot(X2X g%, ve¢ = 0-18) and vibrational overlaps and Rm-
centroids for the associated vibrational transitions. {T, hv, H2]

a I.Fletcher and D.E.Davis : 6th ICPIG, Paris 2,217-222 {1963)
Ionization coefficients in hvdrogen, helium and neon. (E, Ho. He, Ne]
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J.Fryar and R Browning : Planet. Space Sci.21.709-711 (1973)
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Rotational resonances in low-energy electron scaitering by H2 and Do
(T. Hz. D3)
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A study of the ionization of hydrogen at high pressure and low
temperatures. [, Hel

EX R Geballe : Phys.Rev. 66. 316-320 (1944)
0 The production of photons relative to ignization by collisiorn in a
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@ E. Gerjuoy and G.W. Stwart : Phys. Fluids 3. 1008-1015 (1960)
lonization growth in & gas with a constant electric field. [T. Hs]
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Two-step excitation of molecular hydrogen. [E, Ho; metastable ¢3TT.]

EX M. Glass-Maujean : Comments At.Mol. Phys.7,83-91 {(1977b)
D Dissociative excitation of Ho by electron impact. [comments, Hjp]
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J.S. Townsend : Phil.Mag. 3, 557-576 (1902)
The conductivity in gases under ultra-violet light. (E, Ko,
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)

].S_ Townsend : Phil. Mag. 6, 598-618 (1903)
Genesis of ions by moiion of positive ions inm a gas.
[E, Hp. Nz + 0,; genesis of ions — ion means eleciron]

J.S. Townsend and H.E.Hurst : Phil.Mag. 8, 738-752 (1904)
Genesis of ions by the motion of (positive) ionms (and a theory of the
sparking potential). [E, Ho, N, 1 053]

J.S.Townsend and V.A.Bailey : Phil. Mag.42, 873-891 (1921)
The motion of electrons in gases. [E, Hz, No, 03]

}.S.Townsend and V. A.Bailey : Phil.Mag. 44, 1033-1052 (1922)
The motion of electroms in argon and in hydrogen. {E. Ho. Ar]

J.S. Townsend : Electrons in Gases, Hutchinson (1947)

S.Trajmar, D. C. Cartwright, ]. K. Rice and R.T. Brinkmann : J. Chem. Phys. 49,
5464-5472 (1968) O
Angular dependence of low-energy eleciron-impact excitation cross section
of the lowest triplet states of Ha. (E., Hs]

S.Trajmar.D.G. Truhlar and J.K. Rice : J.Chem Phys. 52, 4502-4515 (1970a) O,
Erratum 55, 2004-2005 (1971)
Electron scattering by Hy with and without vibrational excitation. II.
Experimental and theoretical study of elastic scattering.
[E and T. Hpo: I see D.G.Truhlar (1970); 4.42 - 81.6 eV, 10 - 80°]

S.Trajmar, D. 6. Truhlar, ). K. Rice and A. Kuppermann : J. Chem. Phys. 52, 4516-4533
(1970b) O
Electron scattering by Ho with and without vibrational excitation. I.
Experimental and theoretical study of inelastic scattering.
[E, Hp; 7 - 81.6 eV, 10 - 80", v =1, 2, 3]

S.Trajmar, J. K. Rice and A. Kuppermann : in_Advances in Chemical Physjcs,

Vol.18, Interscience 15-90 (1970}

Electron-impact spectrometry.
[review, Ho, He. N2, (0, CoHs, CoHs ref. 149]

M. Tronc. F. Fiquet-Fayvard, C. Schermann and R.I.Hall : J.Phys.B10, 305-321 (1977)
Differential cross sections and angular distributions of H- from
dissociative electron attachment to Ho between 3. 75 eV and 13 eV.

(E, H:] '

M. Tronc, R. I.Hall,C. Schermane and H. S. Taylor : J.Phys.B12, L279-0L282 (1979) 7
Interference in dissociative attachment cross sections of Hp around 14 eV.
[E, H:]

D.G. Truhlar, J. K. Rice, A. Kuppermanno and S. Trajmar : 6th ICPEAC, Cambridge

148-152 (1969) -
Electron scattering by X' % Ko at 10 eV with excitatior of nuclear

motion. [T, Hzl
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D.G. Truhlar and I.K Rice : J].Chem Phys. 52, 4480-4501 (1970),

Erratum 55, 2005-2005 (1971)
Electrom scattering by Ho, with and without vibrational excitation. 1.
Quantum mechanical theory. [T, Ha; 1 - 912 eV]

D. 6. Truhlar, J.K. Rice, §. Traimar and D.C. Cartwright : Chem. Phys. Lett. 9,
299-305 (1971)
The importance of polarization for electron scattering in the
intermediate energy region. [T, Ho, He: for Hp at 45 eV]

D.G. Truhler : Int.J. Quant. Chem. 4. 975-988 (1972)
Vibrational matrix elements of the quadrupole moment function of Ho, No
and C0. [T, Hz, No. (0]

D. G. Truhlar : Phys. Rev. A7, 2217-2219 (1973) -
Electron scattering with and without vibrational excitation. VI.
Comment on a theory of small-energy-transfer collisions dominated
by long-range forces. [T, Bz: 10 - 412 eV]

D.G. Truhlar and J.K. Rice : Phys. Lett. 47A, 372-374 (1974) -
Elastic scattering of electrons by hydrogen molecules at intermediate
energies. [T. #2; DCS. 30 - 200 eV]

D.G. Truhlar, R.E. Poling and M. A. Brandt : J.Chem. Phys. 64, 826-829 (1976a)
Infinit-order sudden approximation for retational excitation of

hvdrogen molecules by electrons in the energy range 10 - 40 eV,
[T, Hg]

D.G. Truhlar and M. A. Brandt : J.Chem. Phys. 65, 3092-3101 (1976b)
Close-coupling calculations of differential cross sections for elastic
scattering and rotational excitation of hvdrogen moiecules by electrons
at 10 and 40 eV. [T, Hl :

D.G. Truhlar, K. Onda, R. A. Eades and D. A. Dixon : Int.). Quant.Chem. : Quant. Chem
Svmpo. 13, 601-632 (1979a)

Effective potential approach to electron-molecule scattering theory.

[T. Hs, Nz CO0, H. He, Ar, Mg, Lis, CO]

D.G. Truhlar, D. A. Dixon, R. A. Eades, F. A. Van Catledge and K. Onda : 'Ist Asilomar
Conf.on Electron-Molecule and Photon-Molecule Collisions. Plenum Press
151-165 {(1979b) _

Polarization potentials for electron scattering. [T,

EX S. Tsurubuchi, G. R: Mohlmann aed F. ). de Heer : Chem. Phys. Lett. 48, 477-489 (1977)

E

Excitation cross sections for the Hss state for electron impact on
hydrogen containing molecules. [E. Hz. HCI, H20, NH3, CHal

J.C.Tully and R.S.Berry : J.Chem. Phys. 51, 2056-2075 (1969)

Elastic scattering of low-energy electrons by the hydrogen molecule.
[T. Hz; 0.03 - 7 eV]
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0 D.W.Turner : Proc.Roy. Soc. Londen A307, 15-26 (1968)

0

High resolution molecular photoelectron spectroscapy. I. Fine structure
in the spectra of hydrogen and oxygen. [E. hv, Hz D2] ‘

J.Turner, K. Kirby-Docken and A.Dalgarno : Astrophys. J. Suppl. 35, 281-292

(1977)
The quadrupole vibration-rotation transition probabilities of molecular
hydrogen. [T. hy., Hp; up to v = 14 and up to J = 20]

R.C.Ulsh, H. R Wellenstein and R. A Bonham : J. Chem. Phys. 60, 103-111 (1974)

Bethe surface, elastic and inelastic differential cross sections. Compton
profile, and binding effects for Hr obiained by electron scattering
with 25 keV incident electrons. [E., Hs]

R.J.Van Brunt and L. J.Kieffer : Phys. Rev. A2, 1293-1304 (1970)

Angular distribution of protons and deuterons produced by dissociative
ionization of Ho and Do mear threshold. [E, Hz, D2]

R.J.Var Brunt : Phys.Rev. A16, 1309-1311 (1977) -

Angular dependence of proton kinetic—energy distributions from
dissociative ionization of Ho. [E, U]

J.Van der Linde and F.W.Dalby : Can.J. Phys. 50, 287-297 (1972)

Ierg field level crossing in excited states of molecular hydrogen.
[E, hv, H2)

J.Van Xranendonk and Z.J.Kiss :; Can. ). Phys. 37, 1187-1198 (1959)
Theory of the pressure-induced rotational spectrum of hydrogen.
[T, hv, Hz; see Z.J.Kiss (1959)]

EX S.N.Van Voorhis : Phys. Rev. 46, 480-483 (1934)

Smalli-angle inelastic scattering of electrons in helium, hydrogen and
METCUTY.
[E, Hy, He, Hg: 12.6 eV level, relative DCS, 100 - 300 eV, 0 - 15°)

E B.van Wingerden, E. Weigold, F. J. de Heer and K. J. Nygaard : J. Phys. B190.

1345-1362 (1977) 1
Elastic scailtering of electrons by molecular and atomic hydrogen.
[E. Hp, H; DCS, 100 - 2000 eV, 5 - 507]

o L. J. Varnerin, Jr.and S.C. Brown : Phys. Rev. 79, 946-957 {1950)

0

Microwave determination of average electron energies and the first
Townsend coefficient in hydrogen [E. Hs)

E L.J.Varperim, Jr.: Phys. Rev. 84, 563-566 (1951)

0

Electron recombioation and collision cross—-section Measurements in
hydrogen. {E, Ho; Pc = 42 1/con-Torr, at 0.0543 eV]

R E.F.Varracchio : J.Phys.B12, 3427-3440 (1979) -

Effective potential theory of e~ - Ho rotational excitation.
{E, Hs]
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EX

.1.Vilesov : Sov. Phys. Usp. 6, 888-929 (1964) -

Photoionization of gases and vapors by vacuum ultraviolet radiation.
{review, hv, H,, He - Ar, many atoms and molecules]

.Villarejo : J.Chem. Phys. 48, 4014-4026 (1968a)

Measurement of threshold electrons in the photoionization of Hy and Do.
[E. hvy R Hz, Dz]

_Villarejo : J.Chem. Phys. 49, 2523-2532 (1968Db)
Vibration-rotation interaction effects in calcutated Franck-Condon factors.

I. The ionizatton of He and Ds. [T, Hs, Dol

.Villarejo, R. Stockbauer and M. G. Inghram : J. Chem. Phys. 50, 1754-1762 (1969)

Vibration-rotation effeects in calculated Franck-Condon factors. 1II.
hydrogen Lyman and Fulcher bands. [T, H2)

CE.Virr, J. Lucas and N.Kontoleon : 1st ICGD, London 1,530-533 (1970}

Measurements of D/u for electronm swarms in gases at high E/p.
[(E. Hs,

CE.Virr, J. Lucas and N.Komtoleor : J.Phys. D5, 542-554 (1972)

The measurement of the ratio of diffusion ceefficient to mobility for
electrons at low E/p. [E, H2 only ; E/N = 15 - 90 Td]

.von Engel : Appl. Sci. Res. B5, 34-42 (1956)

Internal radiation and nature of discharges. [

.Vogler and B.Meierjohann : Phys. Rev. Lett. 38, 57-58 (1977)

Predissociation of the c3II, state of Hs. [E, hy, Hp]

.Vriens : Physica 31,385-395 (1965) -

A semi-empirical formula for calculation of absolute cross sections for
ionization and excitation of atoms by electrons.
[T. HQ, Nz. 02, H He - Xe}

.A. Vroom and F.J.de Heer : J.Chem Phys. 50, 580-590 (1969)

Production of excited atoms by impact of fast electrons on molecular
hydrogen and devterium. [E, Ho, D]

.M.Wadehra and J.N. Bardsley : Phys. Rev.Lett. 41, 1795-1798 (1978) -

Vibrational and rotational-state dependence of dissociative attachment
in e - Hz collisions. iT. Hz]

.M. Wadehra : Appl.Phys. Lett. 35 917-919 (1979) -

Rates of dissociative attachment of electrons to excited Hz and Da.
[T, Hz. Dz2: 1 - 14 eV]

.G. Waech and R.B. Bernstein : J. Chem Phys. 46, 4905-4911 (1967)

Calculated spectrum of quasibound states for Ho(*Z:*) and resonance in
H + H scattering. [T. Hs}
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S E.B.Wagner,F.J.Davis and G. 5. Hurst : J. Chem. Phys. 47, 3138-3147 (1967)
Time-of-flight invesiigations of eleciron transport in some aiomic and
molecuilar gases.

[E, Hp, He. Ar, N2, CO, COp, CHs, C2Hs; E/N = 0.09 - 7.5 Td]

S H.B.Wahlin : Phys. Rev. 27. 588-595 (1926)
The motion of electrons in hydrogen and helium. (E. H,, Hel

0 N.Wainfan, W.C.Walker and G. L. Weissler : Phys. Rev. 99, 542-549 {1955)
Photoionization efficiencies and cross sections in 0, N2, C0op, A, H-20,
H;, and CHa. [E. hv. Ha etc.]

0 C.B.Wakefield and E. R. Davidson : I.Chem. Phys. 43, 834-839 (1965)
Some triplet states of the hydrogen molecule. (T. H»: Borm approxi. ]

EX D.J.Walker, Jr.and R. M. St. John : ].Chem. Phys. 61, 2394-2407 (1974)
Design of a high density atomic hydrogen source and determinatiom of
Balmer cross sections. [E. Ho: emission, 20 - 440 eV]

0 S.C.Wang : Phys.Rev.31,579-586 (1928} -
The problem of the normal hydreogen molecule in the new quantum mechan1cs
[T, H2]

S R W.Warren and J.H Parker : Phys.Rev. 128, 2661-2671 (1962) -
Ratio of the diffusion coefficient to the mobility coefficient for
electrons in He, Ar, N2, Hs, D2, CO and CO, at low temperatures and low
E/p. [E, Ho, D», He, Ar, N2, (0, COQ]

0 A Watanabe and H.L.Welsh : Can.J. Phys. 43, 818-828 (1965)
Pressure induced infrared absorption of gaseous hydrogen and deuterium
at low temperatures. I. The integrated absorption coefficients.
(E. hv, Hp, Dz, Hz + He; 18 - 77 K, 4000 - 5200 cm™ ', (Hz) 2]

0 A Watanabe and H. L. Welsh : Can.J. Phys. 45, 2859-2871 (1967)
Pressure-induced infrared absorption of gaseous hydrogen and deuterium
at low temperatures. I. Analysis of the band profiles for hydrogen.
(T, hy, Hz: 18 - 77 K]

0 A Watanabe : Can.]. Phys. 49, 1320-1326 (1971)
Pressure~induced infrared absorption of gasepus hydrogen and deuterium
at iow temperatures. II. Further amalysis of the fundamenial and first
overtone bands of hydrogen. (T. hv, Hp; 18 -~ 24 K]

0 K Watanabe, M. 2elikoff and E.C;Y.lnn : AFCRC Tech. Rep. 53-23, AD-19700, 1-79
(1953)
Absorption coefficients of several atmospheric gases.
{E, hy, Hp, Na ete. ]

EX J.Watson, Jr.and R. J. Andersen : J. Chem. Phys. 66, 4025-4030 (1977)

Excitation of the E, F1Z z* of H, by electron impact.
{E, Hz; emission c.s.. 200 eV]
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0 R W. Waypant,J.D.Shipman, Jr.,R. C.Elton and A. W. Ali : Appl. Phys. Lett. 17,
383-384 (1970)
Vacuum ultraviolet laser emission from molecular hydrogen.
{E, hv, Hp; 1600 A region]

0 R. ¥ Waynant : Phys.Rev.Lett. 28, 533-535 (1972)
Observations of gain by stimulated emission in the Werner band of
molecular hydroger. [E, hv, Hs]

0 C. A VWeatherford, R.J. ¥W. Henry and M. C. Bruels : Proc. Indian Natl. Sci. Acad. A39,
432-437 (1973)
An effectiive polarization potential for low-energy electron - Ho

collisions. (T. #]

R C.A Weatherford and R.J.W. Henry : Can. J. Phys. 55 442-451 (1977)

v Frame-transformation approximation for low-enmergy e~ - 'Z+ systems
using the non—iterative integral equation methed. [T, Hs)

I L.D. Weaver and R. H. Hughes : J.Chem.?hys.52,2299—2301 (1970a)
Production of n = 3 and n = 4 states of atomic hydroger by electron
impact on Hs. [E, Hz: 20 - 400 eV]

EX L.D.Weaver : Thesis, University of Arkansas 1-56 {1970b)
Excitattonr processes in helium and hydrogen. (E, H,, Hel

E G. M. Webb : Phys.Rev. 47, 384-388 (1935) -
The elastic scattering of electrons in molecuiar hydrogen.
[E, Hz; relative DCS, 30 - 912 eV, 5/10 - 150°)

EX P.S.P. Wei : Thesis, California Inst.Tech., Pasadena 1-282 (1967)
Determination of electronic energy levels of molecules by 90° low energy
electron scattering. {E, Ho,

I E Weigold,S.T.Hood, I.E.McCatrhy and P. J. 0. Teubner : Phys. Lett. Ad44,531-532
(1973)
The (e, 2e) reaction in molecules : Momentum space wave function of Ho.
[T, Hz; 200 - 1000 eV]

E E Weigold. I.E McCarthy, A.J.Dixon and 5. Dey : Chem. Phys. Lett. 47, 209-212
(1977) _
Ground state correlatiens it Hy, measured by the {e. 2e) techaique.
[E, Hp]

E A Weingartshofer, H. Ehrhardt, V. Hermann and F. Linder : Phys. Rev. A2, 294-304
EX (1970)O1
Measuremenis of absoluie cross sections for f{e Hz) collision processes.
Formation and decay of H2™ resonances.
[E, Ho: DCS, 10 - 16 eV, 10 - 1207, X1Z, B3%, »'Z2]

0 'A.Weingartshofer, E.M.Clarke, J. K. Holmes and I.¥.McGowan : J. Phys. BS,
1552-1569 (1975a) -2

Resonances and their effects above and below the electron-impact
“ionization threshold of Hs. [E, Hz:; 11 - 18.5 eV, resonance energy]
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_Weingartshofer and M. Eyb : J. Phys. B8, L278-L283 {1975b) 1
Resonances and their effects above and below the electron-impact
ionization threshold of D». [E, Hp. Ds; resonance energy)

.Weissman. ). T. Vanderslice and R. Battino : J.Chem. Phys. 39, 2226-2228 (1963)
On the recalculation of the potential! curves for the ground states of I2
and Ho. [T, Hp, Io}

.D.White and X.J.Ross : J.Phys. B1O, 721-723 (1977)

High-resolution electron energy-loss spectrum of discharged hydrogen in
the energy-loss region 10 to 12.5 eV.

(E, Hz; 250 eV, B'Z .t « X'T*(v', 1) progression for v'= 0 to 3]

.F.¥hitmer : Phys.Rev.104;572—575 (1956) :
Microwave studies of the electron loss process in gaseous discharges.
[E, Hp; attachment, recombinatien and diffusion]

.G.Wicke : J.Chem. Phys. 68, 337-339 (1978)
G, K double-minimum excited state of molecelar hydrogen and its isotopes.
(T. hv, Bz, HD, D.]

.Wigner und E. E.Witmer : Z.Phys. 51, 859-886 (1928)
Uber die Struktur der zweiatomigen Molekelspektren nach der
Quantenmechanik. [T, Hs]

.Wilkes, W. Hopwood and N.J.Peacock : Nature 176, 837-838 (1955)
Mechanism of uniform field breakdown in hydrogen. [E, Ho; 40 - 110 T4d]

.L.Wilkins and H.§. Taylor : J.Chem Phys. 47, 3532-3539 (1967)
Elastic scattering of low-energy electrons from malecular hydrogen.
[T, Hz; 0 - 14 eV]

.G.Wilkinson : Can. ). Phys.46,1225-1235 (1968)
The electironic isotope shift in the Lyman bands of Hp, HD, and D-.
(E. Hp, HD, D2; 1050 - 1130 A

.G.Williams : 6th ICPEAC, Cambrige 735-737 (1969) -

Angular distributions of electrons elastically scattered from helium and
melecular hydrogen.

(E, H, He; DCS. 30 - 200 eV, 20 - 130°]

.G.Winter and N.F. Lane : Chem. Phys. Lett. 30, 363-366 (1975)
The Fredholo method in low erergy electron-molecule scattering : Static
exchange. [T. Ha:; 0.1 - 10 eV]

.Wolniewicz : J.Chem Phys. 45,515-523 (19466)
Vibrational-rotational study of the electronic ground state of the
hydrogen molecules. [T, Hz, HD, D]

.Wolniewicz : J. Chem. Phys. 51, 5002-5008 (1969)
Theoretical investigation of the transition probabilities in the hvdrogen
molecule. [T. Hgl
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.Wolniewicz : Chem. Phys. Lett. 31, 248-250 (1975a)
On the computation of the B''X ,* state of the hvdrogen moiecules.
[T, H:] '

.Wolniewicz : Can.J. Phys.53.1207-1214 {19750)
On the computation of dipole transitions im the HD molecule. [T, HD]

.Woleiewicz : Can.J. Phys. 54, 672-679 (19756a)
On the computation of dipole transitions in the HD molecule. Part 1.
[T, HD)

.Wolniewicz : J.Mol.Spectrosc. 63, 537-545 (1976b)
Nonadiabatic corrections to the rotational energies of the hydrogen
molecule. [T. Ho, HD, D»; Eo.1 - Eo.o = 118.496 cn™* for Hz)

.Wolniewicz and K. Dressler : ). Mol.Spectrosc. 67, 416-439 (1977)
The EF and GK 'T g% states of hvdrogen. Adiabatic catculation of vibromic .
states in Ho, HD, and Ds. [T. hv, He, HD, D;l

.Wolniewicz and K Dressler : J. Mol. Spectrosc. 77, 286-297 (1979)
The HH 'Z .t state and the predicted H *T % - B'Z ,* transition of .
hydrogen. [T, hv, Ho, HD, Do

.F.%Wong and G. J.Schulz : Phys.Rev.Llett. 32, 1089-1092 {1974) I
Rotational and vibrational excitation of Ho by electron impact at 4.5 eV ;
Angular distributions. [E. Hz)

.F.Wong : Sympo.on Electron-Molecule Collisions, Tokyo 111-120 {1979)

M.Wright and E.R.Davidson : J.Chem Phys. 43, 840-843 {1965)
1s3d 311, state of the hydrogen molecule. [T, H»]

.-Y.Wu : Phys.Rev.71.111-118 (1947)
Excitation of molecular vibhrations by electrons. [T, Hy only]

.T.Yakubov : High Temp. 10, 158-159 (1972)
Mobility of electrons in moderately dekse gases. (T, Hz, 1]

.Yoshino and H.J. Bernstein : J. Mol.Spectrosc. 2, 213-240 (1958)
Intensity in the Raman effect. VI. The photoelectricaliy recorded Raman
spectra of some gases. [E. hv., Hz, Dz, Na, 02 C0, CO; CHa Colz]

.A. Young and N.E. Bradbury : Phys. Rev. 43, 34-37 (1933) -
Photoelectric currenits in gases between parallel plate electrodes.
(E, Ho. Nl

.Yuan and D.¥. Storm : Phys.Rev. Lett. 38, 959-962 (1977)

Precise measurements of the mass attenuation of 6 - 25-keV photons by
gaseous hydrogen. {E. hy, H, H]
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E. Zachmann : Ann. Phys. 84, 20-60 (1927) -
Ubetr die Diffusion langsamer Elektronen (2 - 30 eV) in Wasserstoff und
Argon. [E, Hz. Ar]

R.N.Zare : JI.Chem. Phys. 47, 204-215 (1967)
Dissociation of Ho* by electron impact : Calculated angular distribution.
[T, Hy + e — H + H* + 2¢]

G.D.Zeiss,W. J.Meath, J. C. F. MacDonald and D.J. Dawson : Can. J. Phys. 55,
2080-2100 (1977a) -
Dipole oscillator strength distributions, sums, and some rejated
properties for Li, N, 0, Ho, Nz, 02 NH3z, Hp0, NO, and N20.
[T. Hp, Nz, Li, N. 0. 0z, NHz, H20, NO, N20]

G.D.Zeiss and W.J.Meath : Mol.Phys. 33, 1155-1176 (1977h)
Dispersion energy constants Cs (A B) dipole oscillator strength sums and
refractivities for Li, N, 0, Ha, N2, 02, NHs, H20, NO and Nz0.
[T, Bo, Noo 02, etc.]

N.1.ZIhirnov and A.S.Vasilevskii : Opt. Spectrosc. 29, 352-356 (1970)

A new method for constructing the potential curves of diatomic molecules
on the basis of spectroscopic data. [T. H.]
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Addenda of References for Ho Molecules (1)

(published in 2000, plus some old papers)

2000 {5 pages)
E D.L.Azevedo, A. J.R da Silva and M. A.P.Lima : Phys. Rev. A61, 042702/1-6 (2000)
Effective configulations in electron-molecule scattering
[T. Ho; SMC method, DCS, 1 - 7 eV]

E D.L.Azevedo and M. A.P.Lima : Phys. Rev. A63, 062703/1-5 (2001)
Effective configulations in electron-molecule scattering. 1.
[T, Ho, No, CHal

0 1.Borges, Jr.and C. E Bielschowsky : J.Phys. B33, 1713-1724 (2000)
Doubly excited states of molecular hydrogen : theoretical absorption
and photoedissociation cross sections. [T, hv., Hol

0 P.G.Burke, J. Colgan, D. H. Glass and K. Higgins : I.Phys. B33, 143-167 (2000)
R-matrix-Floquet theory of molecular multiphoton processes.
[T. hv, general theory, Hyp; see J.Colgan {1998) and {(2001)]

EX R.Celiberto, R.K. Janev, A. Laricchiuta. M. Capitelli, J. M. Wadehra and D. E. Atems :
Atomic Data Nucl.Data Tables 77, 161-213 (2001a)
Cross section data for electron-impact inelastic processes of
vibrationally excited molecules of hydrogen and its isotopes.
[compilation, T. Hz, Da. Tz)

EX R. Celiberto, R.K. Janev and A Laricchiuta : Phys. Scr. 64, 26-33 (2001b)
Total and dissociative electron—-impact cross sections for X'1Z g% —
B'Z .t and X'Z % — C!TI, transitions of vibrationally excited tritium
and ‘deuterium-tritium molecules. (T. T.. DI}

0 J.Colgan,D H Glass, K. Higgins and P. G. Burke : J.Phys. B34, 2089-2106 (2001)
R-matrix Floguet theory of molecular multiphoton processes : 1.
Multiphoton ionization of Ha. [T. hy, Ho; see P.G Burke (2000)]

I V.Dose, P. Pecher and R.Preuss : J.Phys. Chem Ref.Data 29, 1157-1164 (2000)
Formulas for cross sections and rate coefficients for partial electron
impact iomization of CHs and Hs. [T, He, CHal

A H. Drexel, G. Senn, T. Fiegele, P. Scheier, A. Stamatovic, N. J. Mason and T.D. Mark :
J. Phys. B34, 1415-1423 (2001)
Dissociative electron attachment to hvdrogen. [E. Hs]

EX D.Dziczek, J.M. Ajello, G. K. James and D. L. Hansen : Phys. Rev. A61, 064702/1-4
{2000)
Cascade contributionr to the Hz Lyman band system from electron impact.
"[E, Hz; separate direct excitation and cascade processes using a pulsed
electron gun techniquel
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EX A E.Edwards and Q. Zheng : J.Phys. B33, 881-889 (2000}
Excitation of the 2pm . state of Hot as a function of alignment of the
molecular axis. {E and T, Ho*; 400 eV])

EX A.E.Edwards and Q. Zheng : J.Phys. B34, 1539-1548 (2001)
Excitation of the Q11 :* doubly excited state of Hp by electron impact.
[E, Ha:; 400 eV]

0 J.Fernandez and F.Martin : J.Phys.B34, 4141-4153 (2001)
Autoionizing !X .t and !'TT, states of H» above the third and fourth
ionization thresholds. . [T. Ha]

0 D.R. Flewer : J.Phys. B33, L193-L195 (2000a)
Vibrational relaxaticon of Ho in collisions with rotationally excited Ho
molecules. (T, Hp; influence of rot.ex.]

0 D.R.Flower : J. Phys. B33, 5243-5249 (2000b)
Quantal coupled channels calculations of the rates of self-relaxation of
ortho- and para-Ho. [T, o-Ho, p-H»)

0 K. Furuya, T.Shimoida, K. Matsuo and Y.Hatano : Chem Phys. 295, 229-234 (2003)
Contribution of the 4p sublevel to the Balmer- 8 emissionh intensity
from Hi{n=4) produced in electron - Hz, CHF3, CH; and C3Hg collisions as
studied by photon-photon coincidence experiments.

[E, Ho, CHF3, CHs, CsHg: 19 - 100 eV]

A J.Horacek, K. Houfek, M. Cizek, I. Murakami and T. Kato : NIFS-DATA-73.1-62 (2003) -
Rate coefficients for low-energy electron dissociative attachment to
molecular hydrogen. (T. Hz2(i, 1)]

0 K. Ito,J. I.Adachi.R. Hall,S. Motoki,E.Shigemasa, K. Soejima and A. Yagishita :
J. Phys. B33, 527-533 (2000 :
Photoelectron amgular distributions from dissociative photoionization
channels of fixed-in-space molecular hydrogen. [T, hv, Hsl

0 C.Jonin, X.Liu, J.M Ajello, G.K. Fames and H. Abgrall : Astrophys. §. Suppl. 129,
247-266 (2000)0O _
High resolution electron-impact emission spectrum of Hso. I. Cross
sections and emission vields 900 - 1200 A
[E, Ho; 1060 eV, O see X Liu {2000)]

S.P.Khare,S. Tomar and M. K Sharma : J.Phys. B33, L59-L61 (2000)
Electron impact molecular ionization, [T. general theoryl

—_—

T.Kiyoshima and §.Sato : Chem.Phys.Lett.342.461?466 (2001)
Correlation of lifetimes observed in two vibrational levels of the H2
EF *Z.* state. (E, H2]
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A Lacoste, L. L. Alves. C. M. Ferreira and G. Gousset : J. Appl. Phys. 88, 3170-3181
{2000)
Simulation of pulsed high-frequency breakdown ip hydrogen. 1T, H:)
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E M. -T.Lee, R.Fujiwara, K. T. Mazon and M. M. Fujimoto : J.Mol. Struct. {Theochem)
¥V 541,51-57 (2001)
The role played by electronic correlation of target on the vibrational
gexcitation cross sections of Hz by electron impact. [T, Hz; 1.5 - 40 eV]
E M -T.Lee and K. T.Mazon : Phys. Rev. A65, 042720/1-6 (2002) O
v Electron scattering by vibrationally excited H> in the low-energy range.

[T. Ho(v); 1 - 10 eV, DCS]

E J.L.S.Lino and M. A.P.Lima : Braz.J. Phys. 30, 432-437 (2000)
Studies of electroon-molecule collisions using the Schwinger variational
principle with plane waves as a trial basis set.
[T, Hp, CHs4, CoHsa, SiHs, H20]

EX X Liu.D. E. Shemansky, J. M. Ajello, D. L. Hansen, C. Jonin and G. K. James :
Astrophys. J. Suppl. 129, 267-280 (20000 O
High-resolution electron-impact emission spectrum of Hpo, 0. 760 - 900 A.
[E. Hs; 300 K, high-resolution, I see C.Jonin (2000)]

EX A M. Machado. M. M. Fujimoto, A. M. A. Taveira, L. M. Brescansin and M. -T. Lee : Phys.
Rev. A63. 032707/1-6 (2001a]
Application of the method of continued fractions to multichannel studies
on electronic excitation of Ho by electron impact.
[T, Hz; 15 - 40 eV, DCS]
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Second-order distorted-wave study for elastic electron scattering by
hydrogen molecule. = [T, Ha; | - 48 eV]

EX A. M. Machado, A. M. A. Taveira, L. M. Brescansin and M. -T.Lee : }.Mol.Struct.
(Theochem) 574, 133-140 (2001¢) ‘
Application of the methed of continved fractions to multichannel studies
on electron-impact excitation of the B!Z %, C'II, and E(F) 1Z4* states
in Hz. [T. Hg]
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Exact exchange effects on vibrational excitation of Ho by electron
impact. [T. Hp; 1.5 - 100 eV, DCS]
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Exact solution of the Hartre-Fock equation for the H» molecule in the
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Diagnostics in plasma of electronic—ground-state hydrogen molecules in
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0 E. Narevicius and N. Moiseyev : Phys. Rev. Lett. 84, 1681-1684 (2000)
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{2000) . .
Determination of partial single differential electron ionization cross
sections of Ho. [T. Hp: th.- 10 keV]

M. Polasek, M. Jurek M. Ingr.P. Carsky and J. Horacek : Phys. Rev. A1, 032701/1-7

{2000)
Discrete momentum representation of the Lippmann-Schwinger equation and
its application to electron-molecule scattering. (T, Hs, CH4l

S.A. Pozdneev : J, Exp. Theor. Phys. 90, 30-44 (2000a) -
Collisions of electrons with molecules in excited vibrational-rotational
state. [T, B,, HD, D, HF - HBr. N»o, Lio, Na;l

S.A.Pozdneev : J.Russ.Laser Res. 21,182-204 (2000b)
Electron scattering on excited diatomic molecules in selected rovibra-
tional states. (T, Hz, No,

S.A. Pozdneev ; Bull. Lebedev Phys. Inst. No. 2, 31-39. (2000¢)
Dissociative electron attachment to excited diatomic molecules.
calculation results. iT, Hy, Llip, Nags, No, HF, etc.]

E.M.S Ribeiro, L. M. Machado, M. -T. Lee and K. M. Brescansin : Comput. Phys. Commun.
136, 117-125 (2001)
Application of the method of comtinued fractions to electron scattering
by polvatomic molecules. [T. H, CHs, H20, NHs; DCS]

R.E.Robson, R.D. White and M. A Morrison : ). Phys.B36,4127-4143 (2003)
Some fundamental questions concerning the kinetic theory of electrons
in molecular gases and the e — H, vibrational cross section controversy.
[T, He]

A Saenz : Phyvs. Rev. A61,051402/1-4 (2000a)
Enhanced ionization of molecular hydrogen in very strong fields.
[T, Hsl

A Saenz : J. Phys.B33.4365-4372 (2000b)
On the influence of vibrational motion on strong-field ionization rate
in molecules. {T. Hy 02]

P.Schmelcher, T. Detmer and L.S. Cederbaum : Phys. Rev. A61, 043411/1-14 (2000)
Excited states of the hydrogen molecule in magnetic fields : The singlet
Z states of the parallel configuration.

[T, H,:; poteniial energy curves]

R.F.Stebbings and B. G. Lindsay : }. Chem. Phys. 114, 4741-4743 (2001)
Comment on the accuracy of absolute electron-impact ionizatien cross
sections for molecules.

[comment, Hz, Np, €0, COg, CHs, SFs, 02, NO: th.- 1000 eV]
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[E. hy , Dz]
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Differential cross sections for near-threshold electron impact dissocia-
tion of molecular hydrogen. (T. Hy: through excitaion to b3% ,*)

C.S.Trevisan and J. Tennyson : Plasma Phys. Control. Fusion 44, 1263-1276
(2002)
Calculated rates for the electron impact disscciation of molecular
hydrogen, deuterium and tritium. [T, Ho, Do, Tol

K. Vijavalakshmi, A. Telebpour, T. T. Nguven-Dang, 1. Yang, A. D. Bandrauk and
S.L.Chin : Phys. Rev. A62, 053408/1-8 (2000}
Dissociative ionization of Do in a ltinearly polarized two-color
{w + 2w) laser field : Role to high-lying electronic states.
[E hv . Dz]

P.Weck, B. Joulakian, J. Hanssen, 0. A. Fojon and R.D.Rivarola : Phys. Rev. A62,
014701/1-3 (20000
Multiple differential cross sections for single ionization of Ha, Do,
and. To molecules by fast electron impact : Influence of vibrational
states. (T. Hz, Dz, Tzl

P.Weck. 0. A.Fojon, J. Hanssen, B. Joulakian and R.D.Rivarola : Phys. Rev. AB3,
042709/1-6 {(2061)
Two-effective center approximation for the single ionization of
molecular hydrogen by fast electron impact. (T. Hs]

P.Weck, 0. A. Fojon, B. Joulakian, C. R. Stia, J. Hanssen and R. D. Rivarola : Phys.
Rev. A66.012711/1-8 (2002
Two-center continvum approximation with correct boundary conditions for
singte-electron emission in e~ + Ho collisions. [T, H»]

Y. Xu, G. A. Gallup and I.1.Fabrikant : Phys.Rev. A1, 052705/1-7 {2000}
Dissociative electron attachment to vibrationally and rotationally
excited Hp and HF molecules. (T. Hz. HF; 0 - § eV]

Y. Xu. A. K. Kazansky and 1.1. Fabrikant : Phys. Rev. A63, 014703/1-4 (2001a) O
Low-energy ¢ - Ho scatteriog : Separatioo of dissociative attachment and
dissociation channels. [T. H2: qa and qa depend on the v and J values]

Y. Xu and I.1.Fabrikant : App!l. Phys. Lett. 78, 2598-2600 (2001h)

Dissociative electron attachment rates for Hr, and its isotopes.
{T. Hp, HD, HT, Do, DT, To; 0 - 5 eV)
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Addenda. Part 1 (1990 - 1999)

H Abgrall, E. Roveff. F. Launay. J.-Y. Roncin and J.-L. Subtil : J Mol.Spectrosc.

157,512-523 (1993)

The Lyman and Werner band systems of molecular hyvdrogen. {T. hv. Hy]

S.A. Astashkevich and B.P. Lavrov : Opt. Spectrosc. 75, 703-707 (1993)
Observing perturbations in the relative spontaneous emission probabili-
ties from the rovibronic levels of the triplet 3s. 3d complex of H, and

Do terms. fE, hv, Bz, D2}

S.A. Astashkevich and B.P. Lavrov : Opt. Spectrosc. 85, 348 (1998a) see p. 2

S.A. Astashkevich and B.P. Lavrov : Opi.Spectrosc. 85. 504-509 (1998b)

Probabilities of spontaneous

J'Ag~ — BYXZ .t transitions in the Ho

molecule forbidden in the adiabatic approximation. [T, hv, Hs]

A. Balakrishnan, V. Smith and B.P.

(1992} :

Stoicheff : Phys. Rev. Lett. 68, 2149-2152

Dissociation energy of the hydrogen molecule.
[E, hv, Hp; Dof(Ho} = 36118.11 ca?]

A Batakrisheman, M. Vallet and B.P. Stoicheff : J.Mol.Spectrosc. 162, 168-171

(1993)

Dissociation energy of the HD molecule.
{(E. hv., HD; Do (HD) = 36405.8 cm 1]

F. J.Basterrechea, P. B. Davies, D.M. Smith and R.J.Sticklanﬁ : Mol. Phys. 81,

1435-1443 (1994)

Diode laser spectroscopy of the 7i - 6h and Th - 6g transitions in Hs.

{E, hv, Hs: a. c.discharge]

M. Cizek, J. Horacek and W. Domcke :

I. Phys. B31, 2571-2583 (1998)

Nuclear dynamics of the Ho™ collision cemplex bevond the local
approximation : associative detachment and dissociative attachment
to rotationally and vibrationally excited molecules. (T, H:l

J.Colgan, D. H. Glass, K. Higgins and P.G. Burke : Comput. Phys. Commun. 114, 27-41

{1998)
The calculation of molecular

muttiphoton processes using the R-matrix-

Flogueti method. [T. hyv, Hs; Vol.114 of this Journal is the special

issue on Continuum States of

Atoms and Molecules. Total 400 pages]

L.A.Collins, B.1.5chneider and C.J. Noble : Phys. Rev. A45, 4610-4620 (1992)

Electron scatiering from Hot :

Resonances in the II symmetries.

[T, Ho*: see L.A Collini (1986)]

L. A Collins.B. 1. Schneider, D. L. Lynch and C.J. Noble : Phys. Rev. A52. 1310-1318

{1995)
Electron scattering from Ho*
(T. Ha*]

¢ Resonances in the X and ITI symmetries.
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0 T.Cwiok.B. Jeziorski, ¥.Kolos, R. Moszynski and K. Szalewicz : J.Chem. Phys. 97,
7555-7559 (1992)
On the comvergence of the symmetrized Rayleigh-Schrodinger perturbation
theory for molecular interaction energies. [T, H2]

0 P.Forck M.Grieser, D. Habs, A. Lampert, R. Repnow, D. Schwalm, A.Wolf and
D.Zajfman : Phys.Rev.Lett. 70, 426-429 (1993)
Dissociative recombiration of cold HD't at the test storage ring.
[E. HD*: 0.3 - 40 eV]

0 J.M.Gilligan and E.E.Evler : Phys. Rev. A46, 3676-3690 (1992)
Precise determination of ionization potentials and EF-state energy
levels of Hp, HD, and D». [E, hy, Hz. HD, Ds]

0 S.L.Guberman and A Dalgano : Phys. Rev. A45, 2784-2789 (1992)
Dipole moments and transition probabilities of the i3Iz - b3 2 %,
¢3TT, -~ a3Z %, and i3TIg - 31, systems of molecular hydrogen
{T. H:]

Y. Hatano : in Dynamics of Excited Molecules, K. Kuchitsu (Ed), Elsevier
151-216 (1994)

0 A J.R Heck W M Huo. R.N. Zare and D.W.Chandier : J. Mol. Spectrosc. 173, 452-462

(1995)
D ELE1S .t (v =0 and 1) - X' %&* (v = 0 - 5) transition energies for
J' = 1" =0 ~ 26 : Comparison of experiment and theory. fE., hy. Dsl

0 L.Jozefowski,Ch. Ottinger and T.Rox : Chem. Phys.Lett. 190, 323-330 (1992)
High-resolution saturation spectroscopy of the Ho n = 3 triplet states.
(E. hv. H]

0 L.Jozefowski, Ch.Ottinger and T.Rox : J.Maol.Spectrosc. 163, 381-397 (1994a)
Laser spectroscopy of the Hpo(n = 3 triplet gerade) complex : Vibrational
and rotationa! coupling between the electronic states. [E, hy. H3)

0 L. Jozefowski.Ch.Ottinger and T.Rox : J.Mol.Spectrosc. 163. 398-413 (1994D)
Laser spectroscopy of the Ha(n = 3 triplet gerade) complex : Fine
structure of the levels in para-Hs. [E. hv. para-H,]

0 K.P.Kirby : in Molecular Astrophysics, Cambridge Univ.Press 159- (1990)

0 W Kolos and J.Rychlewski : J.Mol.Spectrosc. 143, 212-230 {1990a)
Unusual doubie-minimum potential energy curves : The h and g3 Z % states
of the hydrogen molecule. [T, Ho, HD., D5)

0 W.Kolos and J.Rychlewski : J.Mol.Spectrosc. 143,237 (1990h) see p. 14
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¥.Kolos and J.Rychlewski : J.Chem. Phys. 98, 3960-3967 (1993)
lmproved theoretical dissociation energy and ionization potential for
the ground state of the hydrogen molecule.
[T, Hp, HD, Do; Do (Hz) = 36118.049 cm™ %, Vy(Hy) = 124417.471 cn™?]

W.Kolos : J.Chem Phys. 101, 1330-1332 (1994)
Extrapolated Born-Oppenheimer energy for the ground state of the
hydrogen molecule. [T. Hsl

S.[.Krasheninnikov, A. Yu. Pigarov and D. J. Sigmar : Phys.Lett. A214, 285-291
(1998)
Plasma recombination and divertor detachment. [T. Hp(w)]

S. Lee, M. Iwai and H. Nakamora : in Moliecules in Laser Fields, A.D. Bandrauk
(Ed)., Dekker 217-286 (1994)

N. Ohno, N. Ezumi. 5. Takanura, S. [. Krasheninnikov and A. Yu. Pigarov : Phys. Rev.
Lett. 81, 818-821 (1998)
Experimental evidence of molecular activated recombination in detached
recombining plasmas. (E, H,]

Ch. Ottinger. T. Rox and A. Sharma : J.Mol.Spectrosc. 163, 414-427 (1994)
Laser speciroscopy of the Hz(n = 3 triplet gerade) complex : Fine and
hyper fine structure of the levels in ortho-Hz. _
[E and T. hv, ortho-Hz; see L. Jozefowski (1994a, b)]

D.E. Post : I Nuc!l Mater. 220-222, 143-157 (1995)
A review of recent developments in atomic processes for divertors and
edge plasmas. [review, Ho, etc.]

S.T.Pratt, P.M. Dehmer and J.L. Dehmer : J.Chem. Phys. 92, 262-274 (1990)
Rolational antoionization of np Rydberg series of D». (E. hv. D)

S.T.Pratt : Rep. Prog. Phys. 58 821 {1995} see p. 22

B.K.Sarpal and J.Tennyson : Mon. Not.Roy. Astron. Soc. 263, 909-912 (1993)
Calculated vibrational excitation rates for electron-Ho® collisions.
[T, Ho*: v = 0—1, 0—2, 1—2 excitations]

.Staszewska and L. Wolniewicz : J.Mol. Spectrosc. 198, 414-420 (1999)
Transition moments among >Z and *I1 states of the Ho molecule
{T, Hzl

C.Stromholm, I.F.Schneider, G. Sundstrom, L. Carata, H. Danared, 5. Datz, 0. Dulieu,
A Kallberg M af Ugglas, X.Urbain, V. Zengin, A. Suzor-Weiner and M. Larsson :
Phys. Rev. A52, R4320-R4323 (1995)

Absoluie cross sections for dissociative recombination of HD* :

Comparison of experiment and theory.

[E. HD*: 0.01 - 20 eV; see P. Forck (1993)]
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I H. Tawara and V.P.Shevelko : Int. }. Mass Spectrom Ion Process. 192, 75-85

{1999)
Multiple ionization of nmegative and positive ioms, neuwtral atoms, and
molecules under electron impact : data and databases. [T,

0 K Tsukivama,S5.Shimizu and T.Kasuya : J.Mol.Spectrosc. 155, 352-359 (1992)
Identification of the BF 'E g% (v' = 31 and 32) states of Ho by XUV-VIS
double-resonance spectroscopy. [E, hy, Hz]

0 V.A Zenevich and G.D.Billing : J§.Chem Phys. 111, 2401-2406 (1999a)
Vibrational-rotational energy transfer in Hs - Hz collisions. I.
Semicalssical decoupling approximation. [T, Hy + Ho]

0 V.A Zenevich G.D.Billing and 6. Jolicard : Chem. Phys. Lett. 312, 530-535
{1999b)
Vibrational-rotational energy transfer inm Ho - Hz collisions. II.
The relative roles of the initial rotational excitation of both
diatomics. [T. Hp + Ho]

Addenda. Part 2 (1980 - 1989

0 V.I.Alaverdov and E. R Podolyak : Opt.Spectrosc.53, 665-666 (1982)
Photoabsorptionm cross section for molecular hydrogen in the 70 - 200-eV
region. (E, hv, Hz]

0 P.Albertsen, P. Jd rgensen and D. L. Yeager : Chem. Phys. Lett. 76, 354-358 (1980)
Indirect nuclear spin-spin coupling constant within the coupled multi-
configuration Hartree—Fock approximations. (T, Hz, FH)

0 S.Arai,et al.: Z.Phys.D4,65 (19886) see p. 31

0 S Arai,T. Kamosaki, M. Ukai, K. Shinsaka, Y. Hatano, Y. Ito, H. Koizumi, A. Yagishita,
K. Ito and K. Tanaka : J. Chem. Phys. 88. 3016-3021 (1938)
Lyman-a, Lyman-¢ coincidence detecting in the photodissociation of
doubly excited molecular hydrogen into two (2p) atoms. [E, hv, Ho]

0 M Aubert-Frecon, C. Lesech and Ph. Pluvinage : J.Mol.Spectrosc. 105, 276-283
(1984)
Correlated wavefunction containing no variational parameters for some
bound and avtoionizing triplet states of Ha. (T, Hal

0 R.J.Bienick : J.Phys.B13, 4405-4416 (1980)
A source of errors in cross sections of curve-crossing processes.
[T, Ho: H+ H — Hy t &)

0 D.¥. Chandler and L. R. Thorne : J. Chem. Phys. 85, 1733-1737 (1986)

Measured radiative lifetimes for H, and HD in the E,F 1X,* electronic
state. [E. Hz, HD]
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0 L.A.Collins,B.1.5chneider, C. J. Noble, C. W. McCurdy and S. Yabushita : Phys.
Rev. Lett. 57. 980-983 (1986) .
Interfering resonances : Avoided crossings of autoionizing states im
mglecules. {T. Hs¥]

0 E.E.Eyler,J].Gilligan, E. McCormack, A. Nussenzweig and E. Pollack : Phys. Rev. A
36, 3486-3489 (1987)
Precise two-phoion spectroscopy of E « X* intervals in Hs.
[E. hv, Hz; (0.1 = 95003.628 cm!]

EX R.S Freund, et al.: J.Chem Phys. 80,1754 (1984) see p. 41

0 R.S.Freund, J. A Shiavone and H.M. Crosswhite : J. Phys. Chem. Ref. Data 14,
235-383 (1985)
The electric spectrum and energy levels of the deuterium molecule.
[compilation, Do]

0 J.Geertsen : Chem. Phys.Lett. 116, 89-92 (1985)
Calculation of the indirect nuciear spin-spin coupling constant in HD
u¢sing a global operator representation of the Fermi contact operator.
(T. HD]

¢ W.L.Glab and J. P. Hessler : Phys. Rev. A35, 2102-2110 (1987)
Multiphoton excitation of high singlet np Rydberg states of molecular
hydrogen : Spectroscopy and dynamics. [E. hv. H3]

0 M. Glass-Maujean, P. Quadrelli and K.Dressler : Atomic Data Nucl.Data Tables
38, 273-300 (1984a)
Band transition moments between excited singlet states of the H»
molecule. nonadiabatic eigenvectors, and probabilities for spontaneous
emission. [T, Hg]

0 M Glass-Maujean, et al.: Chem. Phys.Lett. 112, 25 (1984b) see D. 43

0 M Glass-Mauiean, P. Quadrelli and K.Dressler : J.Chem. Phys. 80, 4355-4362
{1984¢c)
Ab initio computation of radiative lifetimes of the Ho molecule in the
tonadiabatically coupled ] = | states derived from {EF + GK + HH}
13 + 1., [T, Hz]

0 M.Glass-Maujean : Atomic Data Nucl.Data Tables 30,301 (1984d) see p. 43

0 M. Glass-Maujean.]. Breton, B. Thieblemont and K. 1to : J.Physiq. 45. 1107-1111
(1984e)
Lifetimes of radiative excited levels of Ho. [E, H:]

0 M. Glass-Maujean, et al.: Phys.Rev. A33, 342 and 346 (1986a,b) see p. 43

0 C.H Greene and Ch. Jungen : in Advances in Atomic and Molecular Physics,
Vol. 21, Academic 51-121 (1988)
Molecular applications of quantum defect theory.
{review, T, Hp, Naz, N2, NO]
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S.L.Guberman : J.Chem. Phys. 78 1404-1413 (1933)
The doubly excited autoionizing states of Ho. [T, H»]

J.R.Hiskes : I.Appl. Phys. 51, 45%2-45%4 (1980)
Cross sections for the vibrational excitation of the Hp (X1Z g%} state
via electron collisional excitation of the higher singlet states.
(T. Hp; v" = 0 - 14, 20 - 120 &V]

J.R. Hiskes, A. M. Karo, M. Bacal, A. ¥ Bruneteau and ¥. Graham : J. Appl. Phys. 33,
3469-3475 (1982)

Hvdrogen vibrational population distributions and negative iomn
concentrations in a medium density hydrogen discharge. [T, H-l

J.R.Hiskes and A.M.Karo : J. Appl.Phys. 56, 1927-1938 (1984)
Generation of nmegative ions in tandem high-density hydrogen discharges.
(T, Hel

I.R. Hiskes. et al.: J.Vac.Sci.Tech, 43,1229 (1985) see p. 45

K. I[to, P.Lablanquie, P. M. Guyen and [.Nenner : Chem. Phys. Lett. 151, }21-127
{1988)
Dissociative photoionisation of Hz at 27 - 40 eV. [E, hv, Hel

W.Kolos. et al.: J.Chem Phys. 77,1323 and 1335 (1982a. 1) see p. 48
W.Kolos, et al.: J.Mol.Spectrosc. 91,128 (1982¢) see D. 48

W. Kolos, H. ]. Monkhorst and K. Szalewicz : Atomic Data Nucl.Data Tables 28,
239-263 (1983)
Generalized oscillator strengths for X - B transitions in the hydrogen
molecules. [f, Hz, HD, D:]

W.Kolos, K. Szalewicz and H. J. Monkhorst : J.Chem. Phys. 84, 3278-3283 (1986)
New Born-Oppenheimer potential emergy curve and vibrational energies for
the electronic ground state of the hydrogen molecule. [T, Hs, D2, Ta.
KD, HT. DT; R = 0.2 - 12 bohr, adiabatic and nonadiabatic Do)

W. Kolos, et al.: J.Mol. Spectrosc. 125 159 (1987) see p. 48
H. Kossmann, 0. Schwarzkopf, B. Kammerling and V. Schmidt : Phys. Rev. Lett. 63,
2040-2043 (1989a)

Unexpected behavior of double photoionization in Hs.

(E, hv, Hp; 50 - 110 eV]
H. Kossmann, et al.: J.Phys. B22, 1411 (1989b) see D, 49
T.L.Kwok.A.Dalgarno.and A Rosen : Phys. Rev. A32 646-649 (1985)

Transition probabilities of the B'!'ZT o+ — X!Z gt system of molecular
hydrogen. {T, H]
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E M A Morrisonm and L.A. Collins : Phys.Rev. A23, 127-138 (1981)
Exchange in low-energy electron-molecule scaiteriong : Orthgonatization
and free-electron-gas approximations {or collisions with polar and
nonpolar molecuies. [T. Ho, N2, CO, HC!, LiH, LiF; 0.01 - 1.0 Ry]

0 M. A Morrisonm, et al.: Phys. Rev. A29, 2518 (1984a) see p. 53
0 J.0ddershede : in Advances in Chemical Physics, Vol.69. K. P. Lawley (Ed),

John Wiley & Sons 201-239 (1987)
Propagator methods. {T, Hp, Nz €O, 0z HCH, Clz, H20, €Oz etc.)

0 M A 0'Halloran, P.M. Dehmer, S.T. Pratt, J. L. Dehmer and P. 3. Tomkins : J. Chen
Phys. 90, 930-948 (1989)
Double-resonance studies of rotational autoionization of Hs.
[E. hV. Hz]

0 G.Raseev. et al.: Phys.Rev. A27, 268 (1983) see p. 57

0 G.Raseev : J.Phys.B18, 423-439 (1985)
Variational calculation of the logarithmic derivative of the wavefunc-—

tion : the electronic avioionisation region in photoionisation of Ha.
[T, hyv . H;g]

0 J.Rychlewski : J.Mol.Spectrosc. 104, 253-261 (1984)
j3A g state of the hydrogen molecule. (T, Hs, HD. D2}

0 J.Rychlewski : Chem. Phys.Llett.151,552-556 (1988)
The e3E 4% state of the Hz molecule, [T, Hz. D3]

0 J.Rychlewski : J. Mol.Spectrosc. 136, 333-339 (1989)
The Born-Oppenheimer potential energy curve for the h3Z . state of the
hydrogen molecule. [T, H,. HD, D]

0 M.J.Seaton : Rep. Prog. Phys. 46, 167-257 (1983)
Quantum defect theory. (T, Hp, He - Xe, etc.]

0 J Tennyson and C.J].Noble : J.Phys.B18, 155-165 (1985)

Low-energy electron - Hpt collisions : Variation of resonance parameters
with internuclear separation. {T. H2")

Addenda. Part 3 (1901 - 1979)

0 R Andersom : Atomic Data 3, 227-240 (1971)
A compilation of measured lifetimes of gaseous diatomic molecules.
[compilation,

0 A J.Bearden : J. Appl.Phys. 37.1681-1692 (1966)

X-ray photoeffect cross sections in low- and medium-Z absorbers for the
energy range 825 eV to 40 keV. [E, hv., Hz, Re, N2, 02, Ar, Cu, etc.]
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P.E. Cade and A C. Wah!l : Atomic Data Nucl.Data Tables 13, 339-389 (1974)
Hartree-Fock-Roothaan wavefunctions for diatomic molecules : .
First-row homonuclear systems Ag, Aat— and Ax#.

[T, Hz, Liz, N2, 02, Fo, etc.]

E.S. Chang : Phys. Rev. A16, 1841-1849 (1977)
Theory of anmgular distributions of electrons resonanily scattered by
molecules. 1. Vibrational and rotational excitation of diatomic
molecules. [general theory]

B.H.Choi and R.T. Poe : Phys. Rev. Al6, 1821-1830 (1977a)
Vibrational and rotational transitions in low-energy electron-diatomic
cotlisions. I. Close-coupling theory in the moving body-fixed frame.
{T, general theory]

B. H. Choi and R. T.Poe : Phys.Rev. A16, 1831-1840 (19770b)
Vitrational and rotational transitions in low-energy electron-diatomic
collisions. II. Hybrid theory and close-coupling theory. An l.-conserving
close-coupling approximation. [T, general theory]

C.M.Dutta, F.M. Chapman and E.F.Hayes : J.Chem. Phys. 67, 1904-1908 (1977)
Theoretical siudies of photoionization cross sections and angular
distributions for the hydrogen molecule. iT, nhv, Hz: 20 - 40 eV}

A W.Fiiflet and V.McKov : Phys. Rev. Al8, 1048-1054 (1978a)
Variationally corrected discrete-basis-set calculation for electron-
molecule scattering the static-exchange approximation. (T. Hz]

A W.Fliflet and V.McKoy : Phys. Rev. A18, 2107-2114 (L978b)
Discrete-basis-set method for electron-melecule continuum wave functions.
[T, Hzl

R.Jost, M. Lombardi, R. 5. Freund and T. A Miller : Mol. Phys. 37, 1605-1620
(1979)

The 3d-triplet complex of molecular hydrogen : the measured Zeeman
effect and the calculated eigenvectors and g-factors. [E and T. hy. Hs]

U.Kaldor : Phys.Rev. A19, 105-110 (1979)
L2-basis-set theory of electron-molecule scaltering with vibrational and
rotational coupling. [T. general theory]

H P.Xelly : Chem. Phys. Lett. 20, 547-550 (1973)

The photoionization cross section for Ho from threshold tao 39 eV.
[T, hv, H»l

Th. Lyman : Astrophys.J. 23, 181-210 (1906)
Spectrum of hydrogen in the region of extremely short wave-length.
{E. hv., H2]

5.V.0Neil and W.P.Reinhardt : J.Chem Phys. 69, 2126-2142 (1978}
Photoionization of molecultar hydrogen. (T. hv. Hs]
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.H.E.Rueckner, A.D. Barlas and H. F. ¥ellenstein : Phys. Rev. A18, 895-909 (1978)
Electron Compton defect observed in He, H», D2, N2. and Ne profiles.
[E, Hz, Do, N2, He, Ne: 20 - 40 keV]

K. Srivastava, A.N. Tripathi and M. Lal : Phys. Rev. A18, 2377-2378 (1978)
Exchange effects in the independent-atom model of electron-molecule
scaitering. {T, Hz: DCS at 30, 75, 200 eV]

.S.Taylor and A.U.Hazi : Phys. Rev. Al4, 2071-2074 (1976)
Comment on the sfabilization method : Variational calculation of the
resopance width. [T. general theory]

.Werner : Proc. Roy. Soc. London Al13, 107-117 (1926)
Hydrogen bands in the ultra-violet Lyman region. [E, hv. Hs]
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Addenda of References for Ho Molecuies {2)

(No author index for these addenda (2) references)
2000
0 M Gostafsson,L. Frommhold, D.Bailly, J.-P. Bovanich and C. Brodbeck : J. Chem.
Phys. 119, 12264-12270 (2003)

Collision-induced absorption in the rototranslational band of dense
hydrogen gas. [E. hv, Ho + Hy: 297.5 and 77.5 K, 1900 - 2260 cm™!)

Addenda {1901 - 1999)

0 H Abgrall,F. Launay, E. Roueff and J.-Y.Roncin : }. Chem. Phys. 87, 2036-2044

{1987)
Effect of rotational coupling on emission probabilities of Lyman and
Werner band systems of the vacuum ultraviolet spectrum of Ho. {T. H:]

0 H Aberall and E Roueff : Astron. Astrophys. Suppt. Ser. 79, 313-328 (1989)
Wavelengths, oscillator strengths and transition probabilities of the
H, molecule for Lyman and Werner systems. [T, Wzl

0 H Abgrall,E. Roueff,F.Launay, J. -Y. Roncin and J.-L. Subtil : Astron. Astrophys.
Suppl. Ser. 101, 273-321 (1993a)
Table of the Lyman band system of molecular hydrogen.
[compilation, E and T, hv, Hg]

0 H Abgra!l, E Roueff F.Launav,J.-Y. Roncin and J.-L. Subtil : Astron. Astrophys.
Suppl. Ser. 101, 323-362 (1993b)
Table of the Werner band system of molecular hydrogen.
{compilation, E and T. hv, Hpl

¢ H Abgrall, E Roueff, F. Launay, J. -Y. Roncin and J.-L. Subtil : I.Mol. Spectrosc.
157.512- (1993c)

0 H Abgrall, E Roueff, F. Launay and J.-Y.Roncin : Cam.J. Phys. 72, 856-865 (1994)
The BTZ,t — X'Z .t and DITIy — X'E.* band systems of molecular
hydrogen. [T, hv, H»l

0 H Adgrall,et al.: J. Phys.B32 3813 (1999) see  p.l
V M. Allan : J Elect.Spectrosc.Relat. Phenom. 48, 219-351 (1989)

Study of triplet states and short-lived negative ions by means of
electron impact spectroscopy. [review, Hp. No. (0, CO0, CgHe. etc.]
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A. Astashkevich, B. P. Lavrov, L. L. Pozdeev and V. I.Ustimov : Opt. Spectrosc.

70, 164-166 (1991)

Regular and irregular perturbations of the rovibronic terms and
radiative transition probabilities of homenuciear diatomic molecules :
Semiempirical approach. iT. hv, Hp Dsl

_A.Astashkevich and B.P.Lavrov : Opt. Spectrosc. 75, 703 (1993) see p. 175

_A. Astashkevich and B.P. Lavrov : Opt. Spectrosc. 76, 30-37 (1994a)

Probabitities of radiative transitions from electromic vibration-rotation
levels of the nl-complex of highly excited electronic states in a
diatomic molecuie. [T. hv. general theory]

_A.Astashkevich and B.P. Lavrov : Opt. Spectrosc. 76, 38-47 (1994b)

Semiempirtical analysis of perturbations in the triplet 3s, 3d complex of
the hydrogen molecule terms. Relative probabilities of the i3TIs™.
j3A ™ —» ¢3TT4* transitions in Hz, 8D, and Do. (T. hv, Hs, HD, D»]

A Astashkevich and B.P.Lavrov : Opt. Spectrosc. 80, 667-679 (1996a)

Semiempirical analysis of perturbations in the triplet 3s, 3d-complex
of terms of a hydrogen molecule : comparison of results obtained by

optical and photofragmentation spectroscopy. {T. hv, Hsl
S.A. Astashkevich. N. V. Kokina and B.P.Lavrov : Opt. Specirosc. 81, (41- )
(1996D) A
S.A. Astashkevich, M. Kaning, E. Kaning, N. V. Kokina, B. P. Lavrov, A. Ohl and
J. Ropcke : J.Quant.Spectrosc. Radiat. Transf. 56, 725-751 {1996¢)

Radiative characteristics of 3pX, TI; 3dITI~, A~ states of Ho and
determination of gas temperatute of low pressure hydrogen containing
plasmas. [E, hv,. Hsl

.A. Astashkevich and B.P. Lavrov : Opt.Spectrosc. 85, 348 (1998a) see  p.2
.A.Astashkevich and B. P.Lavrov : Opt. Spectrosc. 85,504 (1998%) see p. 175

.L.Bak and J.Linderberg : J. Chem. Phys. 92, 3668-3679 (1990)

Nonadiabatic ab initio calculations of eigenfunctions and energies for
the 3s, 3d-triplet complex of molecular hydrogen. [T, Hs]

.G.Baksht and V.G. Ivanov : Tech. Phys. Lett. 24, 977 (1998a) see  p.3

.G. Baksht and V.G. Ivanov : Tech. Phys. 43, 1145-1153 ({1998¢)

Vibrational pumping of H> molecules in a hydroger stream flowing through
a cesium-hydrogen discharge. [T, Ho + Cs]

.T.Balasubramanian, C. -H. Lien, J. R. Gaines, K. Narahari Rao, E. K. Damon and
.J.Nordstrom : J.Mol.Spectrosc. 92, 77-84 (1982)

Infrared spectrum of hydrogen in the condensed phase with high-
sensitivity spectrometers : Experiments with a 0.04-cm™ ! Fourier
transform spectrometer in the range 1.5 ~ 12 pm [E, hy, solid Ho]
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N.Bjerre and H. Helm : Chem. Phys. Lett. 134, 361-365 (1987)
High-resolution laser spectroscopy of Ho in a fast beam.
(E, hv, Hz ¢3IT,"]

L. G. Christophorou and J. K Olthoff : im_Advances in Atomic, Molecular and
Optical Physics, Vol.44, Academic 155-293 {1999)

Electron interaction with excited atoms and molecules.
[review, Hs, Fz, C02 SFg¢, CsFs. etc.. many atoms and molecules]

I.Dabrowski : Can.J. Phys. 62, 1639-1664 (1984)
The Lyman and Werner bands of Hs. [E. hv, Hz; 1000 - 1650 Al

D.P.de Bruijn, J. Newteboom, T.R. Govers aed J.Los : Phys. Rev. A34, 3847-3854
(1986a) '
Dissociative decay of m = 3 levels in Ho. 1. Populated in charge
exchange of Ho* with Cs. {E. hyv. H:]

D.P.de Bruijn and H Helm : Phys. Rev. A34, 3855-3864 (1986b)
Dissaociative decay of n = 3 levels in H». T. Excited by laserfrom the
metastable ¢3I1." state of Ho. [E, hv, Hy; see H Helm (1984)]

V.De Cosmo, H. P. Gush and M. Halpern : Can. J. Phys. 62, 1713-1718 (1984)
The S¢ (1) quadrupole line of Hs. {E. hv, Hal

W.Domcke and C. Munde! : in Electronic and Atomic Collisions, l4th ICPEAC,
Palo Alto, D.C.Lorents, et al. (Ed), Elsevier 195-203 (1986
Collision dynamics with nonlocal potential. [T. review, Hz, Ny, F2l

K.Dressler and L. Wolniewicz : Can. J. Phys. 62, 1706-1712 (1984)
The I1'Y1; state of hvdrogen : adiabatic corrections, energy levels,
"L uncouwupling, and electromic transition moments. [T, Hp, HD, D3]

P.Essenwanger and H. P. Gush : Can.J. Phys. 62, 1680-1685 (1984)
Rotational spectrum of HD at low pressures. [E. hy, HD]

E.E.Eyler and F.M. Pipkin : Phys. Rev. Lett. 47, 1270-1272 (1981)
Direct lifetime measuremeni of laser-excited m = 3 levels in para-Hso.
(E. hv. para-Hs]

E.E Evler and F.M. Pipkin : }. Chem Phys.77,5315-5318 ({(1982)
Observation of the 4s 3Z z* state of Hs. [E, hy. Hs3]

E.E.Byler, et al.: Phys. Rev. A48, R18 (1993) see D9

L. Frommhold : Collision—-Induced Absorption in Gases, Cambridge Univ. Press
{1993)

J.M. Gilligan and E.E.Eyler : Phys.Rev. A43, 6406-6409 {1991)
High-resolution three-photon spectroscopy and multiphoton interference
in molecular hydrogen. (E. hv. Hz]
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H. Helm, b. P. de Bruijn and J.Los : Phys. Rev.lett. 53, 1642-1645 (1984)
Fast neutral-beam photofragment spectroscopy of Hy ¢3I14 .
[E., hv, H3l

P.C.Hinnen, W. Hogervorst, S. Stolte and W.Ubachs : Appl. Phys. B59, 307-310

{1993)

High-resolution laser spectroscepy on He at 97 - 98 am [E, hy, Hs]
P.C.Hinnen, W. Hogervorst, §. Stolte and ¥.Ubachs : Can.J. Phys. 72, 1032-1042
(1994)

Sub-Doppler laser spectroscopy of H, and D> in the range 91 - 98 nm

[E. hy. H2. DQ]

J.L.Hunt. J.D. Poll and L Wolniewicz : Can.}.Phys. 62, 1719-1723 {1984)

Ab initio calculation of properties of the neutral diatemic hydrogen

molecules Hp, HD, Do, HT, DT, and To. {T, H,, HD, D,, HI, DT, Ts]

R. Jost, M. Lombardi, R. S. Freund and T.A. Miller-: Mol.Phys. 37, 1605-1620 (1979
The 3d-triplet complex of molecular hvydrogen : the measured leeman
effect and the calculated eigenvectors and g-factors. [E, hv. Hs]

W.Kolos, et al.: Rev. Mod. Phys. 32, 205 (1960a) see  p. 1?21

W.Kolos and L. Wolniewicz : Acta Phys.Polon. 20,129~ {(1961)
W.Kolos and J. Rvchlewski : Rev. Mod. Phys. 35, 473-483 (1963a)
Ngnadiabatic theory for diatomic molecules and its application to the

hydrogen moiecule. (1. Hz)

W.Kolos and L. Belnevich : Litov. Fiz.Sbormnik 3, 241-245 (1963b)
Nonadiabatic treatment of hvdrogen molecule. (T, H:]

W.Kolos : 1. Mol.Specirosc. 8, 121-  (1963)

W.Kolos, et al.: J.Chem Phys. 41, 3663 (1964a) see p. 121

W.Kolos, et al.: J. Mol Spectrosc. 66,428 (1977) see p. 123

W.Kolos and J.Rychlewski : J. Mol.Spectrosc. 86,420 (198la) see p.48

¥.Kolos and J.Rychlewski : J.Mol.Spectrosc. 91,128 (1982¢) see p.48

W.Kolos and J.Rychlewski : J.Mol.Spectrosc. 143, 237 (1990b) see  p. U4

W.Kolos and J.Rychlewski : J.Mol.Spectrosc. 169, 341 (1995 see p. 14

W.Koot, et al.: Phys. Rev. A39.590 (1989a) see p.48

ﬁigggtiw.l.van der Zande, P.H.Post and J. Los : J. Chem Phys. 90, 4826-4834
b

Branching ratios and lifetimes for the dissociative decay of triplet Ha*
[E. Hz]
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B.P. Lavrov, V.N. Ostrovskii and V. I1.Ustimov : Opt.Spectrosc. 47, 30-34 (1979a)
Determination of the gas temperatures of a low-pressure plasma from the
intensities of the Hz angd D2 molecular bands : rotaticnal tramsitions
under electron-impact excitation. . [T and E, hv, Ha, D3]

B.P.Lavrov.V.N. Ostrovskii and V. 1.Ustimov : Sov. Phys. JETP 49, 772-776

{1979b)
Rotational transitions in the excitation of efectronic states of
molecules by electron impact. [T. hv. Hp, Dz. Clz. CO. 12 N3]

B. P. Lavrov : Opt.Spectrosc. 48, 375-380 (1980)
Determination of the gas temperature of a low-pressure plasma from the
intensities of the Ho and D> molecular bands. Relationship between the
intensity, distribution in a band and the gas temperature.
[T and E, hv, Hz, Del

B.P. Lavrov, M. V. Tyutchev and V. 1. Ustimov : Opt. Spectrosc. 54, 2-3 (1983)
Semiempirical approach to the determination of the probabilities of
electronic-vibrational-rotational radiative transitions of diatomic
molecules. [T, general theory]

B.P. Lavrov, et al.: Opt.Spectrosc. 86, 845 (19%9) see  p. 15

W.Lichten and T.Wik : J.Chem. Phys. 69, 5428-5437 (1978)
Metastable hydrogen molecules. IV. Vibrationmal analysis and spin-rotation
interaction. [E. Hp]

X. Liu, S. M. Ahmed, R. A, Multari, G. K. James and J. M. Ajello : Astrophys. J. 454,
548-548 (1995a)
High-resolution electron-impact study of the far-ultraviolet emission
spectrum of molecular hydrogen. [E, He; 100 eV, 1140 - 1690 A]

X. Liu, et al.: Astrophys. J. Suppi. 101, 375 (1995b) see D17

A R.W McKeliar and N.H Rich : Can. J.Phys. 62, 1665-1672 {19843)
Interference effects in the spectrum of HD : I. The fundamental band
for HD - rare gas mixtures.

[E, hvy, HD + (He, Ne, Ar); 77 and 145 K, see N.H Rich (1983)]

A.R.W McKellar, J.W.C. Johns, W.Majewski and N. H. Rich : Can.J. Phys. 62,
1673-1679 (1984h)

Interference effects in the spectrum of HD : I. The pure rotational
band at 77 K for HD and HD - Ne mixtures. ([E., hv., HD, HD + Ne; 77 K]

P.Quadrelli and K.Dressler : J.Mol. Spectrosc. 86, 316-326 (1981)
Molecular constants for the I[*IT. and J'A s states of the 3d complex in
H,. HD, and D-. {T, hv, Ha, HD, D3] -

E.Reinhold, W. Hogervorst and W. Ubachs : J.Mol.Spectrosc. 180, 156-163 (1996)
High resolution iaser spectroscopy of H» at 86 - 99 nm. [E. hv. Hs]

E.Reinhold, et al.: Phys. Rev. A60, 1258 (1999) see p.23
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.H.Rich and A.R. W. McKellar : Can.J.Phys. 61, 1648-1654 (1983)
Interference effects in the spectrum of HD : I . The fundamental band
of pure HD. {E, hy, HD; 77 K, see A.R W McKellar (1984ab)

.-Y.Roncin. F. Launay and M. Larzilliere : Can.J. Phys. 62, 1686-1705 (1984)
High resolution emission spectirum of Hz between 78 and 118 nm
[E, hy, Hl :

.-Y. Roncin and F. Launay : J.Phys.Chen. Ref. Data Monograph 4 (1994)

.C.Ross and Ch. Jungen : Phys.Rev. A50, 4618-4628 (1994) _
Multichannel quantum-defect theory of n = 2 and 3 gerade states in Hy :
Rovibronic energy levels. [T, H3]

.L.Rubin : Sov.Phys. JETP 38, 684-687 (1974)

Probabilities of population of rotational levels by electron excitation
of diatomic molecules. (1. general theory]

_P.Snow : Chem. Phys.Lett. 245, 639-642 (1995)

Comments on two-photon absorption by Hz molecules as a source of diffuse
interstellar bands. [comments, hy, Hp: see P.P Sorokin (1995)]
.P.Sorokin and J.H Glownia : Chem Phys.Llett. 234, 1-6 (1995)

Nonlinear spectroscopy in astronomy : assiganment of diffuse intersteller
absorption bands to L{a)-induced, twe-photon abserption by Hp molecules.
[T. assignments, hv, Hz; see T.P. Snow (1995)]

.¥olniewicz : J.Chem Phys. 45, 515 (1966) see p. 167

.Wolniewicz : J].Chem. Phys. 51,5002 (1969) see  p. 167

.Wolniewicz, et al.: J. Mol. Spectrosc. 96,195 {1982) see p. 65
.¥olniewicz, et al.: J.Chem Phys. 82,3292 (1985) see  p. 65
.Wolniewicz, et al.: J.Chen. Phys. 88, 3861 (1988) see  D. 65
.Wolniewicz, et al.: Mol.Phys. 74,103 (1991) see  p.28

.Wolniewicz : J.Mol.Spectrosc. 169, 329 (1995a) see p. 28

.Wolniewicz : Chem Phys. Lett.233. 647 (1995d) see  p.28

.Wolniewicz : J.Mo!l.Spectrosc. 180, 398-401 (1996)

Transition moments between A, 'IT. and 'I1, states of the Hy
molecule. [T, Hal

.Yu and X.Dresster : J. Chem Phys. 101, 7692-7706 (1994)

Calculation of rovibronic structures in the lowest nine excited
1% + 'TIs + YAg states of He, Do, and Ts. [T. Hs, Do, Tol
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Quick Addenda for Ho References

.H.Black, A. Porter and A. Dalgarno : Astrophys.J. 249.138-144 (1981)
The emissiorn spectrum of Hp from associative detachment and ultraviolet
pumping. (T. Hs]

.Dalgarno, M. Yan and W.Liu : Astrophys. }. Suppl. 125, 237-256 (1949)
Electron energy deposition in a gas mixture of atomic and molecular
hvdrogen and helium {T. H;, H, He, H; + He, H + He|

_I.Fabrikant, J. M. Wadehra and Y. Xu : Phys. Scr. T96, 45-51 (2802)
Resonance processes inh e — H2 collisions : Dissociative attachment
and disscciation from vibratienally and rotatinally excited states.
[T, He(v, i), HD, HT, Do, DT, T:]

.A.Jerjian and R.J. W.Henry : Phys. Rev. A31. 585-589 (1985)
Energy-modified frame-transformation theory : Application to near-

threshold rovibrational excitation of hydrogen molecules by elecirons.
[T, Hz; 0.6 - 10 eV]

.W.Richardson and P. M. Davidsen : Proc.Roy. Scc. London Al4Z,63-76 (1Y33c)
Specitum of Hp. The 3d'A and 4d! levels. (E, hv, Hz]

.W.Richardson and T. B. Rymer : Proc. Roy. Soc. London Al47, 24-47 (1934a)
Spectirum of He (the ordinary hydrogen molecule). Part I.- The 3, 4d
Sy, I, A — 2p°II and 3s5°% — 2p3I1 systems. [E, hy, Hz]

.W.Richardson and T.B. Rymer : Proc. Roy. Soc. London AL47, 251-292 (1934b)
Spectrum of Ho. Pari O.- The band systems due to transitions from four
new triplet states to 2p3TI. [E. hv, Hzj

.F.Varracchio and ﬁ.T.Lamanna : Chem. Phys. Lett. 101, 38-43 (1983}

Off-shell adiabatic nuciei theory of ¢ — Hz rotational excitation.
[T, Ho; 0.05 - 0.5 eV]
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Some Comments on Electron Collision Cross Sections for Hp

Electron colirsion cross sectioh set ot elastic, rotational excitation,
vibrational excitation, electronic excitation, dissociation and ilonization
coltision for hydrogen molecule are reporied by many authors. An example is
given by A V.Phelps (1985a} and S.J.Buckman and A V. Phelps (1985b). Another
one is given by Y. Itikawa (1986). But vibrational excitation cross section
has the problem as pointed out by R.W.Crompton (1993). See the following
related papers : S.J. Buckman (1990}, J.P. England (1988), M. A Morrison (I987)
(1991). T.N. Rescigno (1993}, and Z. Lj.Petrovic (1987).

Recentiy, we have pointed out at International Svmposium on Electroo~
Molecule Collisions and Swarms, Tokyo that we cannot measure the exact values
of electron collision cross sections for all molecules at present (M. Havashi
(1999). See at the end of this report). For Ho, initial target molecules of
beam and swarm experiments are mixture of Hz(g), Ho{r) and smal! amount of
H» (v) molecules depend on the temperature. Electron collision cross section
sets for Ho{g), Ho(r) and Hz (v} are different each other. Hydrogen is the
homonuciear diatomic motecule. Then differences of cross section seis for
Hp{g), Hz(r) and Bz (v) are mot so large, compaired with triatomic or poly-
atomic molecules. But the imitial collision cross section sets for three
H> molecules are different. Probably, not sure now, the value of qmir) is
larger than qn{g) as discussed by P.K Bhattacharyve {l1985). The attachment
cross section Qa(r} is larger than ga(g), ard qa(v] is much larger than qa(g).
from the results of Y. Xu (2000) {2001a) {2001b}, 1. 1. Fabrikant (2002) and
J.Horacek (2003). If we want the exact. values of cross section sets for Hop,
we have to determine these three cross section sets of Ho(g), Ha(r) and Ha(v)
separately and independently. We have to consider the formation of (Hz}2
dimer at low temperature condition.

Theoreticians calculate the electron collision cross section set for M(g),
net for M(r) and M{v) for most molecules. Theoretical values for M(r} and
M(v) are urgently requited for many molecules. Recently, some interesting
theoretical (plus some experimental) papers ¢on rotationally and vibrationally
excited He molecules are published as follows : M. Capitelli (1949),
R.Celibert (1990a)-(1997) (2000a) {2000b) (2002), M. Cizek (1998), ©D.R. Flawer
(20000, G A Gallup (1998), R.1.Hall {1991), M. -T.Lee (200%), §.A Pozdneev
(2000a) (2000b) (2000¢), and G. N. Sargsvan (1999).

We would tike to have the information about the concentration of (Ho}o at
liquid N, temperature in the swarm experiments of Ho.

| think that there are many uncompiled papers in fhis hydrogen molecuies
bibliograpies, probably one hundred or more of photon collision papers. |
would like to stop the collection of Ho papers at the biginning of ZUU4.



May We Measure the Exact Values of
Electron Collision Cross Sections
for Molecules by Beam and Swarm
Experiments 7

. M.Hayashi and Y.Nakamura®*

Gaseous Electropics Iastfitute

4-15-14-503 Sakae. Nakaku, Nagoya 460-0008 Japan
YFgeulty of Science and Technology, Keio University
3-14-1 Hiyoshi, Yokohama 223-8522 Japan

We cannpt measure the exact values of DCS for molecules intrimsically.
0f course, we can measure the approximate values of DCS for molecules, but
can measure the exact valnes of DCS for 21oms. The reason is very simple.

Targel molecule M in both beam and swarm experiments comsists of the’
mixture of different states : :
= Mg} + M(ry) 4 M(vy) + Mn

where M{g), M(ry). M(vi) and My represent the completely ground state
molecules, the rotationally excited molecules, the vibratienally excited
molecules and the van der Waals clusters consisting of N molecules (N&12),
tespectively. Usually beam and swarm experiments are carried out at about
300 K. The concentration of M(g) is small compared to M(r;) (except H2
molecules) at 300 K. Then the moleculé M is always mixture of M(rj) and

M{vi), and the concentration of M(rs) ‘and M(vi) changes with temperature.
And electron collision cross section sets from elastic to imelastic
collision processes for M(r) and M(v) are differeat each other. The target
molecules M in the beam and swarm experiments are always mixtures of
different molecules M(ry) and M(vi). Io the case of Ho, the target gas
consists of M{g) and M(rs), especially M(g) and M{r,) at 78 K.

Most clear change of cross sections of M(ry) and M(vy) will occar for
triatomic molecules. CD2, N»0 and so on. Triatomic molecules can change
from linear to bend, or vice versa easily. The authors [1} have presented
the different elastic momentum transfer cross sections Qmr a0d Qmv fOT
C0»{r) and CO;(v), where they assumed that 2}l other inelastic cross
sections of COp(r) aed COp({v) are practically the same. Then they have
calculated the electron drift velocity W as a function of gas tempeérafure
T. When T increas, concentrations of CO2(v) increases, then W decreases
with T at the same B/N, the electric field over the gas number demsity,
around 50 Td.

We have a comment to the 1nterest1ng and important paper of W.Johnstone,
et al. [2]. They have measured the temperature dependence of elastic DCS
for CO, at 4.0 eV. Unfortunitly., Qmv for COz{v) at 4 eV is almost equal to
Qur for C02(r} [1]. Then we propose the same experiments at about 3.4 eY
for (02, because the temperature dependence of DCS seems to be very large
there,

Winstead and McKoy [3) calculated the elastic DCS for NoO{g) at low
electron energies and compare the experimental DC3 data for Nz0(r) +
N.0(v) mixture at 300 K. We can see large discrepancy betweed them at
lower than about 10 eV. We urge Winstead and Mckoy to calculate the DCS
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for N,0(v) and also N20(r) for comparison. We can see the same dlscrenaucv
of DCS for CO2. (4] [5) at low electron energies.

B, molecules have the famous long standing contrnversv in the vibra-
tional excitation cross section [6)]. . A possible way to solve the problem
may be as follows. At first, theoreticians calculate the Qus, Qar, Qav,
Qrs. Qrr, Qrv. Qve, Qvr, &0d Quv for H2 (), H2(l'1-) and Hz{vq). as a _
function of eleciron energies. Using these data, we calculate the electron
svarm paramefers. From beam experiments, 'we cannoi determine the values of
Ume. Qmr. Qra. Qrr fOT Hz2{g) and Ho (ry) at the same time. It is clear that
the threshold energies of qr and qv for Ho{g) and Hz{ry) are different.
Bhattacharyya, et al. [7] have shown that elastic integral cross sections
Qir are larger than qeg for 20 to 200 eV for Ho (g and Ha(r,). We want
the elastic DCS vaiues for Ho{g) and Ho{r4) at low electron energies
lover thar 10 eV. Swarm experiments alse carried oul in the mixtures of
H.(g) and Ho{(ri). except for para-Hz(g) at 78 K (concentration of H:(g)
is 99.3 %). Ve compare the experimental and calculated swarm parameters
at given conditions. : _

Usually., theoreticians calculate the DCS for M(g), not for M(rs) and
M{vy), for most molecules. Theoretical studies involving the rotatlon-
ally and vibrationally excited species are urgently reduired for many
molecules. There is a interesting paper given by A Jain [8).

I{ we have the c¢ross section sets for excited inert gas clusters, we
‘can calculate the electron swarm parameters of lnert gases at high
pressure and low temperature conditions. The concentration of the
‘closters for atoms and molecules are important at low temperature and
high pressure conditions,

Most interesting temperature dependence occur for attachment cross
sections Qa [9]-{13]. The values of non-dissociative qan and dissociative
Qeq are quite different for M{r) and M(v), and M{r) and M{v) have the
definit and individugl cross sections, independ onm the temperature.
Apparent temperature dependence of -attachment cross section is caused
through different concentration of the excited components M(r) and M{v)
at different temperatures.

_Hayashi and Y.Nakamura, 51th GBC, Maui, JTP7.07.265 (1998) COs

1M

{2] W.M. Johuston, N.J. Masoz and W.R.Newell, J.Phys.B26, L147 {1993) COq

[3] C.VWinstead and V.McKoy, Phys.Rev. A57, 3589 (1998) N20
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