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A. Introduction

An accurate summary of the voluminous data acquired concerning
line identification and lifetime measurements in the xuv and soft x-ray
regions for a wide variety of both resonance transitions and forbidden
transitions in ions of astrophysical interest during the period of
this grant is provided in the detailed list of publications supported
in part by this grant in Secticn C. We call particular attention to
a few papers among the many we have listed which have appeared in the
Astrophysical Journal. Thesz are of special relevance to specific
astrophysical data needs.

We also note the many experiments completed in areas related to
but somewhat outside the confines of the project title. These areas
include: 1) the charge state dependence of innershell ionization
cross-sections for very highly ionized beams incident on lighter
targets; 2) the measurement of the mean lives of metastable states of
few-electron ions; 3) the electron spectroscopy of autoionizing states
of highly ionized ions and associated Auger lifetimes; 4) tuc discovery
of coherent electron density distribution oscillation in charge
transition excitation of the n=2 hvdrogen levels; 5) the measurement
of the charge states of energetic ions while inside solid targets;

6) the measurement of production cross-sections for characteristic
x-ray production in the region connecting the adiabatic and sudden
collision regimes; 7) the measurement of directional anisotropies of
non-characteristic x-rays emitted in heavy ion collisions; 8) electron
emission spectroscopy on optically inaccessible autoionizing states of

the alkali metals; 9) the measurement of differences in the production




of non-characteristic radiation in solids vs. gas targets; 10) study

of the forward peak of electrons accompanying projectile ions with
the same vector velocity subsequent to both ion-atom and ion-solid
collisions; 11) study of the breakdown of one-electron molecular
orbital transition models in ion-atom collisions.

In Section B, many of the lifetime data concerning soft x-ray
and for uv transitions studied in our experiments appear in convenient
tabular form.

In Section D, a listing of resident and visiting scientists,
postdoctoral research associates, and graduate students (including

+wo who received Ph.D. degrees during the grant period) is provided.



B. Summary of Principal Transitions Studied

Table 1. Radiative Lifetimes (nsec) of the 2p Levels of Li-like lons

Level ALXI Si X1 SXIV CIXV Fe XXIV
(s 2pP,, 1.35 + 0.06¢ - 092:009 0952008 055 +002"
(sf 2p0EP, 1.19 + (.05 LOL 000 077+ 0.04 0.76 + 0.04 0.235+ 0.017

112+ 000

“Measurements made in Uppsala, Sweden. (A collaboration of the Uppsula-Lund-Teanessee
Groups. )

OMeasurement made i Berkeley-Superhilac. (A collaboration of the Berkeley-Anzona-BNL-
Tennessee Groups. )

Table 2. Oscillator Strengths for the 2s-2p Principal Resonance Transitions in Li-hke lons

Transition Al X! Si X1l S X1V Cl XV Fe XXIV
(28)'S,,, - 2p'P,,; 0.036 — 0.032 0.028 0018
(25)'S,,, - 2p°P,,, 0076 0,074 0.068 0.057 0.047

Fractional errors on f value entries are estimated to be the same as for the lifetimes in Table 1. (All
wavelengths have been measured to much higher accuracy.)




Table 3. Radiative Lifetimes (nsec) of the n=2 Levels of Be-like lons

Level Al X Si X1 P X1 S X X
(1s*2s 2p) 'P, 0.18  0.03 0.17+0.03 0.16 £0.03 0.15 20.03
(1 2p")'D, 1.03 = 0.05¢ 0.76 ¢ 0.04 - 0.69 004 0.60 = 0.06
(I 2p*)'s, - - - 0.079 £ 0.02 0,067 + 0.0)
(1s* 25 2p) *P, 0.19 £ 0.03 0.19: 0451 0.18 + 0.01 0.17 = 0.01 0.16 = 0.01

IMeasurements made in Uppsala, Sweden. (A collaboration of the Uppsula-Lund-Tennessee

Groups. )
Table 4. Oscillator Strengths for an=0 Transitions (n=2) in Be-like lons
Transition Al X Si X1 PXH S X CIXIV
(2s*)'S - (25 2p)'P - 0.23 0.21 0.19 017
(2s2p)'P-2p*'D 0.11 0.12 0.10 0.09] 0.088
(2s2p)'P-2p* 'S - - - 0.057 0.058
(25 2p) *P - 2p* P - 0.108 0.094 0.085 0.076

Fractional uncertainties on f value entries same as for lifetime entries of Table 3.




Fable 5. Radiative Lifetimes (nsec) of the n=3 Levels of Nalike lons

Level Ni XV Cu XIX Br XXV
Gp)r,,, 0.14 2 0.01 G.085 £ 0.02 011 2003
(3p) P, 011 +001 6.085 + 0.0 0.062 2 0.0
(341D, 0.066 + 0.007 0.051 1 0.008 0.042 £ 0.008
() *p,,, - 0.054 + 0.006 -

All measurements made a: Brookhaven National Laboratory. (A collaboration
of the BNL-Tennessee < roups.)

Table 6. Oscillator Strengths for an=0 Transitions (n=3) in Na-like lons

Transition Ni X Vil Cu XIX Br XXV
(35)'S,,, - 3p?P,;, 0 0.16 0.072
(3)*S,;, - 3p?P,, 0.24 0.26 0.17
(3p) P, - 31D, 0.19 0.22 018

Accuracy of f value entnes is estimated to be at same level as lifetime entries
of Table §.



Table 7. Summary of Those Wavelengihs of Those
Classified Lines of Br lnvestugated

Wavelength (A)

lransition
Present Result! Edlen®
'8, ~ 300, 22901t 0.2 229.194
15 -3 189.6 + 0.1 189 593
3tp,, -3'Dy,, 166.8 + 0.1 166,726

TCorrected for first and second order Dopp'er Eftect.

*Reference: Physica Scripta /7, 565 (1978), semi
empunical extrapolation from measured wavelengths of other
Na-like 10ns

Table 5. Radiative Lifetimes and Oscillator Strengths for Allowed An=0 Transitions in Multiply Charged Chlorine lons

w : ‘ Multiplet
v avelength Tisssition Lifetime of Upper Oscillator Strengths
(A) Level (nsec)
Present Theory
CIXV 384.0 (29)°S,,, - 2p)*P,;, 0.76 =+ .04 o & anas
"k QS — prr G5 408 0.085 + 004  0.090¢ 0.0879, 0082
CL XIV me (2s2p)' P, - (2p')'S, 0.067 £ .010 0.058 +.009  0.052% 0.049¢
458.4 (2s2p)' P, - (2p*)'D, 0.60 .06 0.088 + .00  0.082P,0.078¢
2318 (28*)'S, — (2s2p)' P, 0.15 + .03 017 .03  0.22%,0.219,0.21%,0.2Y
286.1 (2s2p)*P, - 2p*)’P, 0.16 .01 0.076 + 004 0.079°
CI X1 215.3 (2s2p*)*Dy,, - (2p*,'P,),
2729 (2:2p*)'S,,, - (2p")'P,, U =008 s y
419.5 2290 P, - (2p")'D,, 0.12 2.01 - -
2099 (28 2p)°P,,, - (2s2p*)°S,,, 0.080 = 008 0.029 +.003  0.026”,0.029¢, 0.026°
205.5 (28* 2p0* Py, = (282p° VP, 0,058 + .006 0.10 +.01 0.137%,0.14¢,0.14¢
264.6 (25 2p)°P,;, — (252p%)* Dy, 033 +.03 0.057 +.006  0.054%,0.054¢, 0.053¢
2246 (2s2p*)* Py, ~ (2p*)'S,;, 0.053 .008 0.047 £ 005  0.055%0.052¢
CixXn 197.5 (2s2p®)*D, - (2p*)*P,
197.6 (252p*)°D, - (2p*)'P, o 5 T
202.5 (2s2p*)'D, - (2p*)°P, Z
2026 (252p*)'D, - (2p*)'P, oot e
174.4 (252 2p*)’P, - (252p°)’S, 0.027 = .005 0,085 +.010  0.077%,0.075¢
223.2 (2s* 2p*)°P, - (2:2p%)°P, b e
293.1 (235 297 P, — (252p")°P. 0.13 +.01 0.058 + 003 0.064%,0.062
262.4 (25 2p?)*P, - (252p?V’D, b 2
2622 (25 2p P, - (252p*)°D, 0.32 +.01 0.055 + .003  0.055%,0.058
2.2 (2s2p°)' D, - (2p*)' D, 0.051 + .008 - -
175.8 (282 2p° V' D, ~ (252p*)'P, 0.028 + 003
199.3 (2 2p* V' D, ~ (2s2p*)' D, 0.070 = .004 0.085 + 004  0.085%, 01457
CIX1 195.6 (252p*)*D,;, - (2p*)*P,, 0.026 + .008
192.1 (25 2p*V'P,;, - (22p*)'S,;, 0.040 + 004 0.046 + 0I5 0.049%,0.049¢
166.1 (25 2p*)*Dy,;, - (2s2p* )Py, &
166.6 (25 2p )’ Dy, - (232p* )P, gt o 3 I
C1X1 209.9 (2s? 2p*Y’ Dy, - (232p*)?D,,;,
2094 (2s? IP))‘D D’h R |2‘2pa)rnu‘ ] 0.064 + .06
2427 (2s*2p*)*S,,, ~ (252p*)*P,,, 0.18 .02 0.15 +.015 0141201497
ax 215.7 (2s2p*)'P, - (2p*)'S, 0.033 + .007 011 2.02 0.133°
164.5 (257 2p*)' D, — (2s2p*)' P, 0.024 + 008 010 +.015  0.116%0.120°
2054 (25?2p*)°P, - (252p*)°P, 0.062 + .009
aix 180.7 (25 2p* )P,y — (252p*)%S,,, 0,030 + 006 0.055 + .01 0.063%, 0,071
TRef. 1 Y-K. Kim and J. P. Desclaux, Phys. Rev. Lett, 36, 139 (1976).
PRef. 2 0. Sinanoglu. in Beam-Foil Spectroscopy (edited by S. Bashkin}, Springer-Verlag, Berlin (1976).
“Ref. 3 W. Dankwort and E. Trefftz, J. Phys., 810, 2541 (1977) and private communication.
YRef. 4 L. Armstrong. Jr.. W. R. Fielder, and D. L. Lin, Phys. Rev., 474, 1114 (1970).
fRef. § U. L Satronova. A. N. Ivanova, and V. N. Kharitenova, Theor. and Expt. Chem.. 5, 32§ (1969),
TRef. 6 K. T. Cheng and W. R. Johnson, Phys. Rev., A7 5, 1326 (1977).

&




¢. Publications

C.1. List of Publications on Research Accomplished under NASA Support,
1974 to date (present grant period):

Books, fGeneral Articles, Reviews:
"Ions," to be published in the McGraw-Hill Annual Yearbook of Science
and Technology, 1978, D. Lapides, ed., McGraw-Hill Book Co., New
York (1978).

Structure and Collisions of Ions and Atoms, I. A. Sellin, ed. (Springe~
Verlag, Heidelberg, 1978).

Op. cit., Chapter 6, "Extensions of Beam Foil Spectroscopy."

"Optical, X-ray, and Auger Beam Foil Studies,'" in Methods of Experimental
Physics, Vol. 14, P. Richard, ed. (Academic Press, New York), to be
published in 1979.

"The Violent Many-Electron Chemistry of Highly Charged Ions," in Physics
News - 1977, G. Present, ed. (American Institute of Physics, New York),

p. 18 (1977).

Beam Foil Spectroscopy: Vel. 1, Atomic Structure and Lifetimes, Vol. 2,
Collisicnal and Radiative Interactions, I. A. Sellin and D. J. Pegg,

eds., Plenum Press, New fork (1976).

"Highly Ionized Ions," in Advances in Atomic and Molecular Physics,
Vol. 12, D. R. Bates and B. Bederson, eds., Academic Press, New York
(1976)’ pa 215-

"Measurement of Auger Lifetimes and Energy Levels by Projectile Electron
Spectroscopy,' in Topics in Current Physics, Vol I: Beam-Foil Spectroscopy,
S. Bashkin, ed., Springer-Verlag, Heidelberg(l1976), Chap. 10, p. 265.

Articles in Major Journzls and Proceedings:

"Z, Velocity, and Target-Material Dependence of Convoy Electrons from
Solids." Phys. Rev. Lett. 41, 712 (1978).

"Observation of Oscillatory (Interference?) Structure in the Forward
Peak from Fast-Projectile Electron Loss,'" Phys. Rev. Lett. 41, 399,
(1978).

"Continuum Electron Capture Dependence on Projectile Z and Velocity,"
Z. Physik A 286, 233 (1978).

"Z, Velocity, and Charge Dependence of Zero-Degree Electron 'Cusps' from
Charge Transfer to Continuum States of Barc and Highly lonized Projectiles,"
Phys. Rev. Lett. 40, 1020 (1978).

Invited paper, "Electron 'Cusp' Spectroscopy of the Forward Peak in
Continuum Electron Capture and Loss in Gases and Solids," to be published
in the Proceedings of the International Conference on Fast I[on
Spectroscopy, Universite de Lyon, by the Journal de Physique in 1979.




r,-,...-—._.——u—m—'.ImzuszsL—'-'-*''-''---"'-'—-""'-""""‘*—

"Oscillator Strength Determinations for an = 0 Transitions in Be-like
Ions of the Third Period Elements," to be published in the Proceedings
of the Fifth International Conference on Beam-Foil Spectroscopy.
Université de Lyvon, by the Journal de Physique in 1979,

"Coherent Flectron Density Distribution Oscillations in Electron
Capture by Fast Protons in He," to be published in Z. Physik-Short Notes
(1978).

"Electron 'Cusp' Speciroscopy of the Forward Peak in Continuum Electron
Capture and Loss in Gases and Solids," to be published in the Proceedings
of the International Cenference on Fast Ion Spectroscopy, Universiié de
Lyon, by the Journal de Physique (1979).

"Electron Capture Collisions at keV Energies of Boron and Other
Multiply Charged lons with Atoms and Molecules, I: Ar, H,, and He,"
submitted to Phys. Rev. A,

"Delayed Coincidence Auger Electron Lifetime Measurements," to be
published in the Proceedings of the International Conference on Fast
Ion Spectroscopy, Universite de Lyon, by the Journal de Physique
(1979).

"Orbital Angular Momentum State Coherence in Charge Transfer to the
n=2 Hydrogen Levels by Fast Protons in Gases," to be publihsed ia the
Proceedings of the International Workshop on Coherence and Correlation
in Atomic Collisions, Plenum Press, New York, 1979.

"A Systematic Study of the 2322pk_252pk+1_2pk*2 Transitions in Multiply-
Charged C1 Ions," to be published in the Proceedings of the Fifth
International Conference on Beam-Foil Spectroscopy, Université de

Lyon, by the Journal de Physique in 1979,

"Radiative Lifetimes of Highly Ionized and Foil-Excited Al," to be
published in the Proceedings of the Fifth International Conference on
Beam-Foil Spectroscopy, Université de Lyon, by the Journal de Physique
in 1979.

"Observation of Mixed Parity Electric Dipole Oscillations in Charge-
Transfer to the n=2 Hydrogen Levels by Fast Protons in Gases,'"
submitted to Phys. Rev. Lett.

Invited Paper, "Electron Capture to Continuum States," to bhe published
in the Proceedings of the Fifth Conference on Application of Small
Accelerators, North Texas State University, November 6-8, 1978, in the
February 1979 issue of IEEE Transactions on Nuclear Science.

Invited Paper, "Failure of Single Electron Descriptions of Molecular
Orbital Collision Processes," to be published in the Proceedings of the
Fifth Conference on Application of Small Accelerators, North Texas

State University, November 6-8, 1978, in the February 1979 issue of IEEE
Transactions on Nuclear Science.

Invited Paper, "A Scanning Proton Microprobe for Trace Element Analysi§."
to be published in the Proceedings of the Fifth Conference on Application
of Small Accelerators, North Texas State University, November 6-8, 1978,
in the February 1979 issue of IEEE Transactions on Nuclear Science.

"Many-electron Transitions in Violent Encounters of Highly Ionized Ions
with Atoms and Molecules," Comments on Atomic and Molecular Physics 8, i/2

21 (197C).
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"Observation of Quantum Beats in Gas-excited Eelium Projectiles,"
Zeitschrift fur Physik, A 283, 299 (1977).

"Radiative Lifetimes and Oscillator Strengths for Allowed Intra L-Shell
Transitions in Multiply-Charged Chlorine Iuns," Phys. Rev. A 18, 1476
(1978).

"Radiative Lifetines and Os~illator :trengths for Allow d Transitions
in Li-like and Be-like Si&icon." Ph,sica Scripta 18, 18 (i978).

"Oscillator Strengths of the 2s?S,,, - 2p?P°y/; 372 Transitions in Fe

XXIV and the 2s? 1S, - 2s2p?P, Transition in Fe XXIII," Phys. Rev.
A 18, 208 (1978).

"A Measurement of Oscillator Strengths for Solar XUV Flare Lines in Ni
XVIII," Astrophysical J. 224, 1056 (1978).

"Radiative Lifetimes of the Low-lying Levels of Na-like Copper," Phys,
Rev. A 16, 2008 (1977).

"Studies of Neon L-Shell Excitation by Impact of Highly Ionized Heavy
Ions," 7.. Physik A 283, 329 (1977).

"A Survey of Problems in Beam-Foil Spectroscopy of Iron and Copper at
Enercies from 16 to 110 MeV," Nucl. Inst. and Meth. 154, 169 (1978).

"An Experimental Survey of Electron Transfer in keV Collisions in
Multiply Charged Ions with Atomic Hydrogen," p. 126 in Atcmic Physics 5
(Proceedings of the Fifth International Conference on Atom.c Physics,
Berkeley, California, July 1976) edited by R. Marrus, M. Prior and

H. Shugart, Plenum Press, New York, 1977.

"Many-Electron Aspects of Molecular Promotion in Ion-Atom Collisions:
Production of Core-Excited States of Li in Li - He Collisions,"
submitted to Phys. Rev. A.

"Spin-dependent Excitation of Autoionizing States of Li Produced in Collisions
with Noble Gas Tarrets," in Proceedings, Tenth International Conference on the
Physics of Electronic and Aromic Collisions, M. Barat, J. Reinhardt, and

G. Watel, eds. (Commissariat a 1'Energie Atomique, Paris), p. 1014 (1977).

"Neon Characteristic X-ray Production in Neon-Neon Collisions as a Function
of Incident Projectile Charge State," in Proceedings, Tenth International
Conference on the Physics of Electronic and Atomic Collisions, M. Barat,

J. Reinhardt, and G. Watel, eds. (Commissariat a 1'Energie Atomique, Paris),

p. 894 (1977).

"Recoil Ion Spectroscopy in the XUV-Soft X-ray Region Frllowing Heavy lon
Impact on Thin Gas Targets," in Proceedings, Tenth International Confercnce
on the Physics of Electronic and Atomic Collisions, M. Barat, J. Reinhard:,
and G. Watel, eds. (Commissariat a l'Energie Atomique, Paris), p. 634 (1977).

"High Resolution Studies of Extensive Ne L-Shell Excitation by Energetic
Heavy lon Impact,' in Proceedings, Tenth International Conference on the
Physics of Electronic and Atomic Collisions, M. Barat, J. Reinhardt, and
G. watel, eds. (Commissariat a 1'Energie Atomique, Paris), p. 632 (1977).
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"Overcoming the Doppler Limitation in Beam-Foil Experiments by Target Ion
Spectroscopy,'" in Proceedings, Fourth Conference on Scientific and Industrial
Applications of Small Accelerators, J. L. Duggan and I. L. Morgan, eds.
(International Association of Electrical and Electronic Engineers, Report 76
CH 1175-9 NPS, New York), p. 319 (1977).

"Intensity Modulations in the Decay of the 32 Pl/z Level in the Sodiumlike lon,
Cul®*," Phys. Rev. Lett. 38, 1471 (1977).

"Osciilator Strengths for In-Shell (4n = 0) Dipole ‘ransitions in Li- and
Be-like Sulfur," Phys. Rev. Al5, 1958 (1977).

"The Splitting and Oscillator Strengths for the 2s25-2p2P% Doublet in
Lithiumlike Sulfur," Astrophysical J. 214, 331 (1977).

"Production of Soft X-Ray Emitting Slow Multiply Charged lIons: ' Recoil Ion
Spectros.opy," Phys. Lett. 6lA, 107 (1977).

"Projectile Charge-State Dependence in K-Shell Ionization of Neon, Silicon,
and Argon Gases by Lithium Projectiles,' Physics Lett. 60A, 292 (1977).

""Charge Dependence of Kk X-Ray Production in Nearly Symmetric Collisions of
Highly Icnized S and Cl ions 'n Cases," Phys. Rev. Al4, 1997 (1976).

"Radiative Lifetimes and Transition Probabilities for Electric-dipole
An = 0 Transitions in Highly Stripped Sulfur Icns," Phys. Rev. Ald4, 1036 (1976).

"Dipole Oscillator Strengths for An = 0 Transitions in Highly Ionized Suliur,"
Physics Lett. S58A, 349 (1976).

"Strong Isotope Dependence ‘of K-Vacancy Production in Slow Ne*-Ne
Collisions," Phys. Rev. Lett. 37, 984 (1976).

“"Differences in the Production of Non-Characteristic Radiation in
Gaseous and Solid Targets,' Phys. Rev. Lett. 36, 1574 (1976).

"An Experimental Survey of Electron Transfer in keV Collisions in
Multiply Charged Ions with Atomic Hydrogen,' in Proceedings of the
Fifth International Conference on Atomic Physics, R. Marrus, M. H.
Prior, and H. A. Shugart, eds., University of California, Berkeley,

California (1976), p. 126.

"Lifetimes and Transition Rates for Allowed In-Shell Transitions in
Highly Stripped Sulfur," in Proceedings of the Fifth International
conference on Atomic Physics, R. Marrus, M. H. Prior, and H. A. Shugart,
eds., University of California, Berkeley, California (1976), p. 166.

""Polarization Measurements on the Non-Characteristic Radiation Emitted
from Collisions Between High Energy Aluminum lons," Phys. Letters AS6,
89 (1976).

"Applications of Beam-Foil Spectroscopy to Atomic Cecllisions in Solids,"
Nucl. Inst. and Meth. 132, 397 (1976).
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"Differences in the ‘:oduction of Non-Characteristic Radiation in Solid
and Cas Targets,'" in Beam-Foil Spectroscopy: Heavy lon Atomic Physics,
I. A. Sellin and D. J. Pegg, eds., Plenum Press, New York (1976),

Vol. 2, p. 497.

“Angular Distribution Studies on Non-Characteristic X-Radiation," in
Beam-Foil Spectroscopy: Heavy Ion Atomic Physics, I. A. Sellin and
D. J. Pegg, eds., Plenum Press, New York (1976), Vol. 2, p. 497.

"Autoionizing States in Highly lonized O, F, and Si," in Beam-Foil
Spectroscopy: Heavy lon Atomic Physics, 1. A. Sellin and D. J. Pegg,
eds., Plenum Press, New York (1976), Vol. 1, p. 45l.

"Autoionizing States in the Alkalis," in Beam-Foil Spectroscopy:
Heavy lon Atomic Physics, I. A. Sellin and D. J. Pegg, eds., Plenum

Press, New fork (1976), Vol. 1, p. 419.

“Extreme Ultraviolet Spectra of Highly Stripped Si Ions," in Beam-Foil
Spectroscopy: Heavy lon Atomic Physics, I. A. Sellin and D. J. Pegg,
eds., Plenum Press, New York (1976), Vel. 1, p. 321.

"Core-Excited Autoionizing States in the Alkalis," Phys. Rev. Al2,
1330 (1975).

"Autoionizing States Formed in Na* + Ne and Mg* + He Collisions at
70 keV," in Electronic and Atomic Collisions, J. S. Risley and R.
Geballe, eds., University of Washington Press, Seattle, p. 869 (1975).

"Photon Energy Dependence of the Asymmetry of Non-Characteristic
X-Radiation in Si-Al and Al-Al Collisions," in Electronic and Atomic
Collisions, J. S. Risley and R. Geballe, eds., University otf Washington

Press, Seattle, p. 312 (1975).
"Heliumlike '%F; 23P, and 23P Lifetimcs," Phys. Rev. All, 2198 (1975).

"Symmetric Ion-Atom Collisions at Medium Energies:Non-Characteristic Radiation,"
Phys. Rev. All, 468 (1975).

"Charge State Dependence of Si K X-Ray Production in Solid and Gaseous Targets
by 40 MeV Oxygen Ion Impact," in Atomic Collisions in Solids, S. Datz, ed.,

Plenum Press, New York (1975), p. 461.

"Lifetires of the Metastable Autoionizing (1s2s2p)“Psy, States of Lithiumlike
A119* and sill+ Ions; Comparisons with theory over the Isoelectronic sequence

Z = 8-18," Phys. Rev. All, 468 (1975).




- S

26.

27.

28,

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
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"Variation of the Anisotropy ot the Non-Characteristic X-Rays Emitted from
Fast lon-Atom Collisions," in Proceedings of the Third Conference on Applications
ot Small Accelerators, ERDA CONF-74 1040 P1, p. 78 (1975).

"Symmetric Ion-Atom Collisions at Medium Energies: Characteristic X-Rays,"
Phys. Rev. All, 135 (1975).

"Projectile Electron Emission Spectroscopy on Optically Inaccessible Au:cionizing
States in the Alkali Metals," Physics Lett. 50A, 447 (1975).

"“Observation of Large and Strongly Energy Dependent Directional Anisotropies
in Non-Characteristic K X-Rays Emitted in Heavy Ion Collisions," Phys. Rev.
Lett. 34, 64 (1975).

"Characterization of Charge States of Energatic Ions in Solids from A.sociated
K X-Ray Production,” Phys. Rev. Lett. 33, 733 (1974).

"Autoionization Lifetimes of the Metastable (1s2s2p)“Pg,, State in the Lithiumlike
Ions A110+ sill* and S!3% " published in Proceedings, The Fourth International
Conference on Atomic Physics, Heidelberg, Heidelberg Univ. Press, Heidelberg,

W. Germany (1974), p. 79.

"XUV Spectra of Highly Ionized Fluorine and Oxygen," Phys. Rev. A 10, 745
(1974).

"New Lines in the XUV Spectrum of Heliumlike Fluorine, " Physics Letters
47A, 469 (17 . .

"Radiat? : Transitions in Two-Electron Oxygen," Physics Letters 47A, 433 (1974).

‘Neon K,, Kg Satellite Structure Induced by 80-MeV Argon Ion Impact," Phys.
Rev. AlU, 1446 (1974).

"Lifetime and Binding Energy of the Metastable (15252p]“Pg/2 States in §!3%,»
Phys. Rev. A9, 1112 (1974).

"Observation of K X-Rays from Highly Ionized States of Neon Produced by 40
Mev C1*7, C1*11, and C1*!3 Beams," Phys. Rev. A9, 1470 (1974).

"Initial UNISOR Research: New Isotopes 186T],6 1887) 1161; pecays of 189,190T],
111xe, and '111; and Off-Line Atomic and Nuclear Studies," published in the Proc.
of the 24th Ann. Natiodnal Conf. of the Academy of Sci. USSR on Nuclear
Spectroscopy and Structure of the Atomic Nucleus (1974).

"Projectile Charge State Dependence of K X-Ray Production by 1-4 MeV/amu
Heavy Ions in Gases," Phys. Rev. A9, 644 (1974).
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Other Papers:

"Consequences for Parity Violation Experiments of Creation of Mixed-
Pgrity Excited States in H(n=2) Following Single Collisions of Fast
H' in Gases," to be published in Bull. Am. Phys. Soc. in 1978.

"Molecular Modu}atign of H‘n-d) Quantum Beats Following Single Foil
Excitation of H , H, and l3 Beams," to be published in Bull. Am. Phys.

Soc. in 1978.

"Search for Correlation Effects Between Multiple Electron Loss to
Continuum Events in High Energy 0“ - Ar Collisions,"” to be published
in Bull. Am, Phys. Soc. in 1978.

"Observation of Strong Structure in the Forward Peak from Fast-
Projectile Electron Loss." to be published in Bull. Am. Phys. Soc.
in 1978,

"Systematics of C-~**~uum Capnture and Loss by Rare and Highly Ionized
H, C, 0 and Si Projectile Ions Traversing He, Ne, and Ar Targets."
to be published in Bull, Am. Phys. Soc. in 1978,

"Electron lapture to Continuum States by Bare Projectile Ions," to be
published in Bull. Am. Phys. Soc. in 1978,

"Time-Resolved Spectroscopic Measurements on Multiply-Charged Si,

P, and Cl1 Ions." Tenth Conference of the European Group on Atomic
Spectroscopy, Munich, Germany, July 11-14, 1978. Book of Abstracts,
p. 63.

"Projectile Charge Sgnte Dependence of Zero Degree 'Cusps' from
cH (q = 4-6) and 04 (q = 4-8) Traversing Ar at 1.6 MeV/A to
2.8 MeV/A,'" Bull. Am. Phys. Soc. 23, 513 (1978).

"Creation of Mixed-Parity Excited Stgtes in H(n=2) Following Single,
Charge Transfer (ollisions of Fast H in Gases,'" presented at the
International Conference on Fast Ion Spectroscopy, Université de Lyon,
September, 1978.

“"Charge Transfer to Continuum States of Bare and Highly Ionized
Projectiles," Bull. Am. Phys. Soc. 23, 512 (1978).

"Z Dependence and Velocity Dependence of Zero Degree Electron
'Cusps' from C®  and 087 Traversing Ar at 1.6 MeV/A to 2.8 MeV/A,"
Bull. Am. Phys. Soc. 23, 512 (1978).

"Projectile Velocity Dependence of Li-Core Excitation in Single
Collisions with He Targets," Bull. Am. Phys. Soc. 23, 513 (1978).

"Lebensdauermessurg von Metastabilen Zustinden mit verzdgter Koinziden:z
nach Anregung mit gepulstem UNILAC - Strahl," In Beitrag fur GSI-
Nachrichten 2-78 (1978).

"Lebensdauern metastabiler Dreielektronen-Zustinde mit einer Koinziden:z
Technik," Verhandl., Deutsche Physikalische Gesellschaft, February,
1978, 424 (1978).

"Stark Shifts and Broadenine 07 fuger Lines of Highly Ionized Atoms
in Molecules After Heavy lon impact,” Bull. Am. Phys. Seoc. 22, 1320 (1577).
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"Quantum Beat Method Of Measuring gnments in Single Ion-Atom Collisions,"
Bull. Am. Phys. Soc. 22, 1320 (1977).

"Metastable Auger Emitter Lifetimes by a Delayed Coincidence Technique,"
Bull. Am. Phys. Soc. 22, 1320 (1977).

"Radiative Lifetime Measurements on the n = 2 Levels of Al XI and P XII,"
Bull, Am. Phys. Soc. 22, 1321 (1977).

"Target Specificity Effects on the Production of Core-Excited States of
Li and Li for 10 to 50 keV Collisions of Li with Gas Targets,"
Bull. Am. Phys. Sor., 22, 1334 (1977).

"Decay Studies of n = 3 Transitions in Sodiumlike Bromine,'" Bull. Am.
Phys. Soc. 22, 1321 (1977).

"Lifetimes of the 2p 2P, 32 States of Fe XXIV and the 2s2p P} State
of Fe XXIII," Bull. Am. ‘hys. Soc. 22, 1322 (1977).

e ]
_—

"Lifetimes and Oscillator Strengths for An = 0 Dipole Transitions in
C-, N-, 0-, and F-like Chlorine," Bull. Am. Phys. Soc. 22, 1321 (1977).

"Decay Measurements on the n = 2 States of Li-, Be-, and B-like Chlorine,"
Bull. Am. Phys. Soc. 22, 1321 (1977).

"Oscillator Strengths for the Principal Resonance Transitions in Si XI

and XII," Bull. Am. Phys. Soc. 22, 1321 (1977).

"Measurement of Alignments in Single Ion-Atom Collisions by a Quantum Beat
Method," presented at the Fourth International Seminar on lon-Atom Collisions,
Darmstadt, Germany, July 1977.

Invited paper, '"Multiple Electron Rearrangement in Heavy Ion-Atom Collisions,"
presented at the Gordon Research Conference on Atomic Physics, Wolfsborough,

New Hampshire, July 1977.

Invited paper, "Charge Exchange in Slow Collisions," presented at the Gordog_
Research Conference on Atomic Physics, Wolfsborough, New Hampshire, July 1977.

"Recoil Ion Spectroscopy: Reduction of Noppler Shifts and Spreads in Fast
Beam Experiments," Bull. Am. Phys. Soc. 22, 610 (1977).

"Lower Limits on Resolved Neon L-shell Excitation Cross-sections by Impact of
1.5 MeV/A~Si2% (C112+ Ions," Bull. Am. Phys. Soc. 22, 609 (1977).

"Projectile Charge-State Dependence in K-shell Ionization of Neon, Silicen,
and Argon Gases by Lithium Projectiles,'" Bull. Am. Phys. Soc. 22, 655 (1977).

"Production of Core-Excited States of Li and Li* in Collisions with Gas
Targets," Bull. Am. Phys. Soc. 22, 655 (1977).

"Auger Electron Emission from Target lons Under Heavy Ion Impact After
Molecular Dissociation,'" Bull. Am. Phys. Soc. 22, 610 (1977).

"Lifetime Measurements in Cu XIX,'" Bull. Am. Phys. Soc. 22, 609 (1977).
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"&n = 0 Transitions in Highly Ionized lors," in Proceedings, Nordic Symposiun
on Atomic and Molecular Transition Probabilities, I. Martinson, ed. (Lunds
Univeristet, Lund), p. 8 (1977).

"Der 2s2S-2p<P° Doublettiibergang in Li-““=1lichem Schwefel," Verhandl.,
Peutsche Physikalische Gesellschaft 2/1977, 500 (1977).

"Lebensdauern und Oszillatgrenstirken von n = 2 Zustanden in Be-dhnlichem S,"
Verhandl., Deutsche Physikalische Gesellschaft 2/1977, 500 (1977).

Invited paper, "Contributions of Beam-Foil Spectroscopy to Oscillator
Strengths of Interest in High Temperature Plasmas,' presented at the
American Physical Society-Topical Conference on Atomic Processes in High
Temperature Plasmas, Knoxville, February 1977.

"An Application of the Beam Foil Method to Transitions of Astrophysical
Interest," presented at the American Physical Society Topical Conference
on Atomic Processes in High Temperature Plasmas, Knoxville, February 1977.

"Decay Studies of n = 3 States of Sodiumlike Cecpper Using Foil Excitation,”
presented at the American Physical Society Topical Zonference on Atomic
Processes in High Temperature Plasmas, Knoxville, February 1977.

Invited paper, "High Ionization-Excitation States of Ne9* Ions and their
Mass-Dependent Symmetric Collision Interactions," presented at the Annual
Meeting of the American Physical Society, Division of Electron and Atomic
Physics, Lincoln, Nebraska, December 1976, Bull. Am. Phys. Soc. 21, 1250
(1876).

"Radiative Lifetimes and Oscillator Strength for the n = 2 States of Be-like
Sulfur," Bull. Am. Phys. Soc. 21, 1253 (1976).

"A Beam-Foil Study of the 2s525-2p2P° Doublet in Li-like Sulfur," Bull. Anm.
Phys. Soc. 21, 1252 (1976).

"Mass Dependence of Ne K X-Ray Yields from Ne*-Ne Collisions at keV Energies,"
Bull. Am. Phys. Soc. 21, 1248 (1976).

"Measurement of the H*+H Charge Exchange Cross Section, 0.8-2.5 MeV," in
Bull. Am. Phys. Soc. 21, 1265 (1976).

Invited paper, "Overcoming the Doppler Limitation in Beam-Foil Experiments by
Target Ion Spectroscopy,' presented at the Fourth Conference on Application of
Small Accelerators, Denton, Texas, October 1976, Bull. Am. Phys. Soc. 21,
1333 (1976). i

"Beam Foil Radiative Lifetime Measurement in Si IX - Si XIII," Bull.
Am. Phys. Soc. 21, 689 (1976).

"Characteristic K X-Ray Production from High Energy Al-Al Collisions,"
Bull. Am. Phys. Soc. 21, 650 (1976).

"Radiative Electron Capture Cross Sections for High Energy Al-Al and
Al-C Collisions,'" Bull. Am. Phys. Soc. 21, 650 (1976).

"Lifetimes and Spectra of Highly Ionized Sulfur," Bull. Am. Phys. Soc.
21, 626 (1876).
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“Single and Double Electron Transfer in B9* (q=2,3,4) Collisions with
He, Ar, and Hp," Bull. Am. Phys. Soc. 21, 549 (1976).

Invited Paper, "Beam-Foil Studies of Highly lonized Atoms,'" Bull. Am.
Phys. Soc. 21, 508 (1976).

Invited Papar, "Highly Ionized Ions," Bull. Am. Phys. Soc. 21, 186
(1976). :

“"Comparison of Production of Non-Characteristic X-Ray Radiation in Solid (Al)
and Gaseous (SiH4) Targets,'" Bull. Am. Phys. Soc. 20, 1450 (1975).

“"Beam-Foil Spectra of Iron, Copper, and Silicon," Bull. Am. Phys. Soc. 20,
1452 (1875).

Invited Paper, "Projectile Electron Spectroscopy of Autoionizing States in
the Alkalis,'" Bull Am. Phys. Soc. 20, 826 (1975).

"Autoionizing States in Lithiumlike Si and Sodiumlike C1," Bull. Am. Phys.
Soc. 20, 679 (1975).

"Electron Spectra from Autoionizing States of Highly Stripped Oxygen and
Fluorine," Bull. Am. Phys. Soc. 20, 679 (1975).

"Non-Characteristic Spectra from Symmetric and Asymmetric Collision Systems,"
Bull. Am. Phys. Soc. 20, 675 (1975).

"Electron Spectra from the ,wtoionizing Decay of Collisionally Excited Mg+
and K* Beams,'" Bull. Am. Phys. Soc. 20, 674 (1975).

"Charge State Dependence of X-Ray Production of Collisions of Ni (v 1 MeV/amu)
with SiH,," Bull. Am. Phys. Soc. 20, 639 (1975).

Invited Paper, '"Directional Anisotropies in Non-Characteristic X-Ray Emission,"
Bull. Am. Phys. Soc. 20, 607 (1975).

"Energy Dependence of the Directional Anisotropy Exhibited by Quasimolecular
K X-Radiatior," Bull. Am. Phys. Soc. 20, 75 (1975).

"Electron Spectroscopy of Autoionizing States in Lil and Nal,'" Bull. Am.
Phys. Soc. 19, 1184 (1974).

"Lifetimes and Binding Energies of the Metastable Autoionizing (15252p)“P5/2
State in A110* and Si!l*," Bull. Am. Phys. Soc. 19, 1176 (1974).

"Characterization of Charge States of Energetic Ions in Solids from Associated
K X-Ray Production,'" Bull. Am. Phys. Soc. 19, 1184 (1974).

Invited Paper, "Recent Coherent Excitation and XUV-X-Ray Spectroscopy Experiments
of Some Interest to Nuclear and Optical Physicists," Bull. Am. Phys. Soc. 19,
586 (1974). s e

"Observations of Non-Characteristic Combined Atom K-shell X-Ray Band in Al-Al
Collisions," Bull. Am. Phys. Soc. 19, 590 (1974).

"X-Ray Cross Sections in Symmetric lon-Arom Collisions,'" Bull. Am. Phys. Soc.
19, 570 (1974).

frapr
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"Cha?gg State Dependent Energy Shifts of K X-Rays Accompanying Nearly Symmetric
Collisions of ~ 3 MeV/amu S and C1 lons," Buil. Am. Phys. Soc. 19, 590 (1974).

"n=2 Finestructure Decays in He-Like F," Bull. Am. Phys. Soc. 19, 468 (1974).

"K X-Ray Yields from Single Collisions of ~ 100 MeV Cl Ions with Si," Bull.
Am. Phys. Soc. 19, 590 (1874).

"Ne and Ar K X-Ray Satellite Production," Bull. Am. Phys. Soc. 19, 570 (1974).

“Improvements in the Use of Grazing Incidence Spectrometers to Study Spectra
of Low Intensity, Highly Stripped Ion Beams," Bull. Am. Phys. Soc. 19, 469
(1974). 7o

"XUV Spectra of Highly Stripped Oxygen and Fluorine," Bull. Am. Phys. Soc
19, 469 (1974).

"Observation of K X-Rays from Highly Ionized States of Neon Produced by 40
Mev C1*7, C1*1!, and C1*!3 Beams," Bull. Am. Phys. Soc. 19, 89 (1974).

"One- and Two-Electron Excited States Produced by Electron Exchange, Excitation,

a.d Electren Capture in Collisions of Fluorine Ions in Argon Gas at 34.8 MeV,"
Phys. Rev. Lett. 31, 684 (1973).

"Exponential Projectile Charge Dependence of Ar K and Ne X-Ray Production by
Fast, Highly-Ionized Argon Beams in Thin Neon Targets," Phys. Rev. Lett. 30,
1289 (1973).

"Metastable Autoionizing States,'" Nucl. Instr. and Meth. 110, 477 (1973).

"Electron Spectroscopy of Foil-Excited Chlorine Beams,'" Nucl. Instr. and Meth.
110, 489 (1973).

"Mean Life of the Metastable 23P, State of the Two-Electron Fluorine lonm,"
Phys. Rev. A8, 145 (1973).

"Exponential Projectile Charge Dependence of Ar K and Ne K X-Ray Production
by Fast, Highly ionized Argon Beams in Thin Neon Targets," Proceedings, Eighth

International Conference on the Physics of Electronic and
B. Cobic and M. Kurepa, editors, Graficko Preduzece Buducnost, Zrenjanin,

Yugosiavia (July, 1973), p. 727.

""Metastable States of Highly Excited Heavy lons," in Atomic Physics 3,
Plenum Press, London, p. 327 (1973).

"Equilibrium Fractions for the Lowest Metastable Quartet States of Lithiumlike
Oxygen and Fluorine lons Traversing Carbon Foils," Phys. Rev. A7, 487 (1973).

"Metastable Autoionizing States in Sodium-like Chlorine,'" Phys. Rev. Lett.
28, 1615 (1972).

"Metastable Autoionizing States of Highly Excited Heavy Ions," Phys. Rev. Lett.

28, 1229 (1972).



"Observation of Coherently Excited Dipole Charge Distribution Oscillations in
Collision - Averaged Foil Excitation of the n=2 H Levels," Bull. Anm. Phys.

Soc. 18, 1527 (1973).

"Effective Charge State of Heavy lons Penetrating Solids Deduced from Comparing
X-Ray Yields in Gases and Solids," Bull. Am. Phys. Soc. 18, 1508 (1973); .
presented at the Third International Conference on Atomic Collisiens in Solids,

Gatlinburg, Tenn., Sept., 1973 .

"Projectile Structure Effects in Heavy-Ion-Induced K X-Rays: Projectile X-Rays,"
Bull. Am. Phys. Soc. 18, 1508 (1973).

"Projectile Structure Effects in Heavy-Ion-Induced K X-Rays: Target X-Rays,"
Bull. Am. Phys. Soc. 18, 1508 (1973).

"Binding Energy and Lifetime of the (15252p)“Pg/2 State in Lithiumlike Sulfur,"
Bull. Am. Phys. Soc. 18, 1527 (1973).

"Electron Spectra from the Decay-in-Flight of Metastable Autoionizing States
Associated with Highly Excited Heavy Ions," Bull. Am. Phys. Soc. 18, 1527
(1973).

"Mean Life of the Metastable 23P, State of the Two-Electron Fluorine Ion,"
Bull. Am. Phys. Soc. 18, 610 (1973).

Invited Paper: "Autoionization of Atoms Produced in Heavy Ion Collision," in
Proceedings of the ORNL Heavy-Ion Summer Study Oak Ridge, Tennessee, AEC
CONF-720669, 551 (1972).
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Name
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§Ph.D. granted, 1976.
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H. Gould
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Title
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Professor, University of Arizona
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Physicist, BNL
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Professor, University of Arizona
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