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RELATIVISTIC ATOMIC BEAM SPECTROSCOPY 11
Introduction

The negative ion of hydrogen is one of the simplest 3 body atomic systems. Under-
standing its spectroscopy is important to fusion research, astrophysics and accelerator
physics, and of course the H- system has great intrinsic scientific interest as a prototypical
atom and an atomic "laboratory”. The techniques we have developed for the experimental
study of atoms moving near the speed of light have been productive. Table 1 displays a list

of milestones: publications illustrating our progress.

Table 1: Guide to Relativisitic Atomic Beam Work at IAMPF

1976 "Observation of Resonances near 1l eV in the Photodetachment Cross Section
of the H™ Ion," H.C. Bryant et al., Physical Review Letters 38, 228 (77).

1977 "Effect of an Electric Field upon Resonances in the H™ Ion," P.AM. Gram
et al., Physical Review Letters 40, 107(78).

1979 "Observation of Narrow Resonances in the H~ Photodetachment Cross Section
: near the n=3 Threshold,” M.E.Hamm et al, Physical Rev. Letters 43 1715(79).

1982 "Observation of Two-Electron Photoionization of the H— Ion near Threshold, "
» J.B. Donahue et al., Physical Review Letters 48, 1538(82).

1983 "Effects of Strong Fields on Resonant Structures in H~ Photodetachment,"
H.C. Bryant et al., Physical Review 27, 2889(83).

1984 "Shape Resonances in the Hydrogen Stark Effect in Fields up to 3 MV/cm," T.
Bergeman et al., Physical Review Letters 53, 775 (1984).

1985 "Energy Measurement of the Lowest 1p0 Feshbach Resonance in H™," D.W.
MacArthur et al., Physical Review Letters A32, 1921 (1985).

1986 "Test of the Special Relativisitc Doppler Formula for £=0.84," D.W.
MacArthur et al., Physical Review Letters 56, 282 (1986).

1987 "Observation of Motional-Field-Induced Ripples in the Photodetachment Cross
Section of H," H.C. Bryant et al, Physical Review Letters 58, 2412 (1987).

1988 "Effects of Electric Fields on the Photodetachment Cross Section of the H—
Ion near Threshold," J.E. Stewart et al., Physical Review A38, 5628 (1988).

1989 "Observation of Multiphoton Detachment of the H™ Ion," C.Y. Tang et al.
Phys. Rev. A, A39, 6068 (1989). g
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In this proposal we request continuing support for experimental studies of the H-

system principally conducted at the 800 MeV linear accelerator at Los Alamos. Four

experiments are currently approved for beam time and operational support, by the LAMPF

program committee, with available beam time presently totalling over 1,000 hours. Each of

the four experiments, summarized in Table 2, focuses on a different aspect of the physics of

the H~ ion, and each requires different laser and running conditions.

Table 2

Current HIRAB Experiments

EXpt.

1075

1076

1121

1127

Title

"Photodetachment of H™ near
threshold in an electric
field®

"Interaction of relativistic
H™ ions with matter"

"High excitations and
double charge escape in
the negative hydrogen ion"

"Multiphoton detachment of
electrons from the H™ ion"

Total

*As of June 1, 1989

Status

Available
Time*
250 hrs. 87.4
@ B+
priority
400 hrs. 300
e B
priority
360 hrs. 360
@ A~
priority
300 hrs. 300
e A
priority
1310 1057.4




The Physics

A. Photodetachment in an Electric Field

The phenomenon of the detachment of an electron from an H- in polarized light in the
presence of a static electric field, producing a series of ripples in the cross sectionl, has, as
recently emphasized by FabrikantZ and Gao & Starace3, not yet been fully explored. In the
presence of strong fields or high photon energies, when the residual atom is left excited,
there is the possibility of rescattering by the detached electron as it revisits its parent atom
after being "reflected" by the electric field, in which it finds itself. This rescattering should
result in an experimentally significant modification in the form of the modulations in the
cross section. For the experimental cases we have so far examined such rescattering is not
important. According to Fabrikant, the fields at which such effects should be prominent
start at around 1 MV/cm.

Under the constraints imposed by using relativistic beams, there are two approaches
to experimental observations of this phenomenon. First, one can use a quasi c.w. laser
beam in the motional field produced from a dc electromagnet, or, second, one can use a
pulsed laser beam with a pulsed magnet both of which are synchronized to overlap a 0.25
nsec beam pulse. Our best data so far, in the lower field case, have been obtained using a
non-Q switched YAG. Therefore, we are planning on performing the measurements in a
large electromagnet ("PAN"), which we have identified at LAMPF, bringing the ion beam
in and out of the strong field region using a magnetically-shielded tube. (5000 Gauss yields

a motional electric field of 2.3 MV/cm for an 800 MeV H- ion). Accelerator time and

support for this experiment is available under LAMPF expt. 1075.




B. Atoms in a Matter Field

There is more work to be done in the experimental investigation of relativisitic hydrogen
beams traversing thin foils. For relatively low energy hydrogen beams traversing thin
foils, surface effects seem to play an important role.4 Our preliminary results,d on the
other hand, seem to indicate that the relative abundénces of excited states depend on
foil thickness. The hope is that the scattering of a hydrogen atom from bulk matter in the
relativistic regime is, in a sense, simpler than the scattering from individual atoms just as for
example the traversal of light through a transparent medium does not require detailed
consideration of individual interactions.

One can make the analogy between the traversal of hydrogen atoms in a foil and that
of their passage through a microwave cavity such as in the experiments of Bayfield0 and of
Koch7-. These beautiful experiments seem to have established that "quantum chaos" is
present in such an interaction.

In the relativistic-beams-through-foils case we have much stronger electric fields
interacting with the atom at a very high frequency for a very short time. For example, with a
100 nm thick carbon foil, traversed by a hydrogen atom of g =.84 (800 MeV), where the
average electric field felt by the atom is of the order of 101 ° V/cm, carbon atoms are
encountered at the rate of 10! 7 Hz and the "matter field" pulse lasts only some 0.3 femtose-
conds. As has already been demonstrated, a sizeable fraction of hydrogen atoms subjected
to this ordeal survive intact. The distribution of the emerging hydrogen atom population in
excited states will be’the object of our further investigation.

In our work so far we have studied the state distributions by selectively field-ionizing
the emerging beam and by subjecting it to laser probes in which low-lying states are excited
to states which may be field-ionized.

The very exciting possibility of observing long-lived foil-produced doubly exicited H-

states using this technique has also occurred to us and it would come as a by-product of this




approved experiment. By slightly altering the trajectories of these states with a weak
electric field we should be able to separate the signature of their decays from those of the
highly excited neutral hydrogens with which they are produced when an H~ beam traverses a
thin foil.

Accelerator time and support for this experiment is airailable under LAMPF expt

1076.

C. Doubly Highly Excited States and the 2e Continuum

Work is currently underway in the study of the process in which a single photon imping-
ing on an H" ion results in double detachment. A preliminary result obtained several years
ago has been reported.8 This work breaks into two equally’interesting endeavors: study of
the signal and study of the background. More so than in most experiments, understanding
the background is absolutely essential to understanding the signal and, in a sense, the signal
and background are just different aspects of the same underlying process. The signal is

v+ H-p + 2e

and the background
v+ H-H°(n) +e

with H® (n) + motional field- p + e.

Since the proton, which is the signature of the signal, must be magnetically deflected
from the H- beam in order to be detected, the motional field is an essential ingredient of
the experiment and thus the background process is always with us. We thus must under-
stand it in order to extrapolate to the zero field limit.

When the photon energy drops below the two electron threshold, the background is of
course still present, with an interesting complication. Then, competing with the direct

channel, is the process

vy + H-H*"-H°(n) + e,




followed by H° (n) + motional field - p +e.
Thus by triggering on protons in particular motional fields we can study the very high-
lying doubly-excited statesS of H-,
Accelerator time and support for this experiment is available under LAMPF expt.

1121.

D. Multiphoton Photodetachment of H-

During the summer of 1989 we are conducting a preliminary experimental study of H- in
an intense CO,, laser beam 10, Because of the relativistic conditions, the photons from the
10.6u line of CO, range in energy in the H- center of mass from some 34 meV to 400 meV,
depending on the intersection angle. Thus with a 800 MeV beam, one can study multiphot-
on detachment of H- requiring from 2 up to 22 photons. So far we have been impressed by
the difficulty of these measurements. We have definitely observed multiphoton detachment
events, ranging in multiplicity from 2 to about 8, but maintaining a properly-characterized
interaction region is quite difficult. Essentially we are exploring the multiphoton phenome-
non in a full three dimensional parameter space--photon energy, photon density, and
applied electric field. We should be able to observe "above threshold detachment”, ATI, in
the H- system by observing the transverse spread in the electron beam ejected from the H-
beam by light polarized perpendicular to the scattering plane.

Accelerator time and support for this experiment is available under LAMPF expt. |
1127.
A thorough discussion of the experimental details can be found in the original

LAMPF proposals, which we attach.




Experimental Facilities
A. HIRAB (High Resolution Atomic Beam)

A new experimental hall, the HIRAB facility, has been appended to the External Proton
Beam (EPB) area at LAMPF, providing a large vibration-free environment in which high
precision measurements of relativistic H- and H® beams can be undertaken. (See Figure
1.) An H™ beam of remarkably high quality is brought through two interaction regions and
finally into a large beam stop. In order to reduce disturbances to a level commensurate
with resolutions in the few microvolt range, beam line experiments in HIRAB are mounted
on a concrete slab of dimensions 35" x 20’ x 4’, resting on sand and recompacted fill, loosely-
coupled to the surrounding structures. Clean-room conditions to insure that the laser optics
are dust free are unfortunately still not available, but we expect an improved air filtering
system will be installed later this year. When the beam is not being used a moveable
upstream beam stop can be inserted allowing access to the apparatus in the HIRAB
building, in order that the fine tuning, so important to precision experiments, can be
performed carefully without the extreme time pressure normally associated with beam line
work. HIRAB is a national facility open to outside users.

Since the H- beam is prepared as a horizontal ribbon (2 mm x S mm) with the minimum
angular divergence in the vertical direction, our scattering chamber has been redesigned.
The angular divergence of the beam can be a few microradians; consequently, the angular
precision of the laser-beam positioning optics as well as the angle encoder will also be
upgraded. The laser beam will have to be expanded along the beam direction to bring its

divergence down to match that of the particle beam.
B. Lasers and Scattering Chambers

In order to accomplish the measurements planned for this period, we will bring three

different laser beams to bear on the H- beam: CO,, (10.6 1), Yag (15t and 48 harmonics,




1.06 ¢ and 266 nm), and ArF (193 nm). For these we need three separate set-ups along the
beam line, but we believe now that two scattering chambers will suffice, as will be made
clear as we discuss each of these requirements in order.

CO,: The CO, laser will be used for the multiphoton ionization (MPI) studies of H- as
outlined in LAMPF proposal 1127. We demonstrated in Séptember, 1988, that the MPI
process can be observed with a CO,, oscillator/amplifier combination, using a modified
version of our original scattering chamber.10 In order to make a proper study of the MPI
process, including above-threshold ionization (ATTI), a larger chamber is under construc-
tion which can accommodate a polarizer and electrostatic plates, with a 17 bit angular
encoder on the optical "spider” (rotating mirror arrangement to change the angle between
the laser beam and the H- beam). Special attention must be paid to the problem of lining
up the beams and characterizing the overlap region. Copper mirrors, NaCl vacuum

windows and ZnSe lenses will be required.

YAG: The fourth harmonic of this Q-switched laser will be used for our planned studies of
high excitations and double charge escape from the H-, as presented in LAMPF proposal
1121. This second-generation experiment in our program at LAMPF requires state-of-the-
art angular resolution and much care with beam characterization and linearity of the
scintillation counters over a large dynamic range. We have revamped our existing belt-
driven spectrometer-scattering chamber for this use, including provision for application of a
60 kV/cm field over the interaction region and the accommodation of larger optics.

We also propose to use this set up to study ripplés induced in the threshold photode-
tachment cross section by a large magnetic field using the large C magnet "PAN" and a
modification to the scattering chamber. For these measurements, the fundamental of the

YAG will be used, not Q-switched if the beam line vacuum is adequate. This set up will

also be compatible with studies of foil-produced H° states. Our data-taking rate (and




hence ultimate statistical variance) could be increased by a factor of 3 if we had a
Quanta-Ray DCR-3 (30 pps) laser rather than our present DCR-2 (10 pps). A request for

funds to buy such a laser has been submitted separately.

ArF: The ArF (Lambda Physik EMG150 excimer) laser will be used to study the two-
electron ionization continuum of H- up to a Doppler-shifted center of mass photon energy
of almost 22 eV, as proposed in experiment 1121. The detection system will be essentially
the same as for the YAG portion of the measurement, but a different scattering chamber
will be necessary. Our present thinking is that we may be able to use the CO2 scattering
chamber with appropriate changes in the optics to accommodate the much different
wavelengths (from 10.6 4 to 193 nm). For these wavelengths, transmitting optics (windows,
lenses) require CaF,. The EMG1509 laser at present for ArF operation requires frequent
(every 15 minutes) cycling of the toxic gas. For efficient use at HIRAB, we will have to
design and build a gas handling system so that this process can occur continuously. We will

rely very heavily on our LANL collaborators for help with this.

Personnel

Our work on the relativistic H™ beam is a joint venture. Presently our principal
collaborators are Joey Donahue, Bob Quick and Stan Cohen at LANL, Win Smith at
U. Conn and Jim Stewart from Western Washington University. Recently, we began a
three year collaborative arrangment with Hungarian Academy of Sciences Budapest with
the help of NSF’s US-Eastern Europe Cooperative Science Program. This will provide for
interchanges between UNM personnel and Hungarian physicists. The principal Hungarian
physicists involved are Janos Bergou, a theorist, and Karoly Rozsa, an experimentalist. The

UNM group presently consists of, in addition to Howard Bryant, a postdoctoral associate,

Hossein Toutounchi, and three graduate students, Philip Harris, Amir Mohagheghi and




Chen Yau Tang. In the summer of 1989 we were joined by a temporary post doc from
Long Beach State, Hassan Sharifian. In our budget for the next three years, we anticipate
keeping our level of effort at UNM about the same, with the exception of the addition of
a full-time technician. The addition of a technician to our group has been long overdue-- |
the equipment we are using has become too complicated to be maintained by overworked
graduate students. The details of holding a competent laboratofy together require a
technician’s full attention and continuity. UNM has a strong theory group in quantum
optics under the leadership of Marlon Scully and we anticipate further help in the MPI

work from Wilhelm Becker and Jack Mclver.
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Workshop
We are thinking of having a workshop just preceding the beginning of the period covered
by this proposal. No funding has been requested from the DOE.

Dates: January 9, 10, 11, 1990

Location: UNM campus, Physics Lecture Hall
Title: "Workshop on the Spectroscopy of H™"
Number of Participants: ~75

Registration Fee: $40

Since UNM will not yet be in session, the physics lecture hall which seats 300 people
will be free and local eating establishments will b§ uncrowded. Accomodation in the best

local hotels can be had for $35/night, and on down.

We would have long sessions, probably all day and evening on Tuesday, January 9,
and Thursday, January 11, with only a morning session on Wednesday, January 10. In the
afternoon we would bus everyone up to Los Alamos where they could tour the lab or go
skiing. It may be we would want to keep the entire day free and expand into Friday. On
Wednesday evening we would have a banquet in Santa Fe (Rancho Encantado?) and invite

a speaker on some Southwestern topic. No invitations have as yet been issued.

- 13 -

o
2 g




References

1. H.C. Bryant et al., Phys Rev Letters 58, 2412 (1987).
J.E. Stewart et al., Phys Rev A38. 5628(1988).

2. LI Fabrikant, "Rescattering of Photodetached Electrons in a Stark Field", Bull. Amer.
Phys. Soc. 34, 1397 (1989). Also preprint, May 1989.

3.  Bo Gao and AF. Starace, "H™ in Combined Laser and Static Electric Fields" preprint
May 1989. Also Bull. Amer. Phys. Soc. 34, 1384 (1989).

4. CJ.Liu, TJ. Gay and K.P. Schiiler, "Orientation of hydrogen 2p after tilted foil
excitation" Phys. Rev A39, 5560 (1989). This reference discusses work with hydrogen
beams with energies up to 20 keV traversing carbon foils of thickness Sug/cm?2.

S.  A.H. Mohagheghi et al., "Observation of excited H* atoms produced by relativistic H-
ions in carbon and formvar foils". In preparation (third draft).

6. D.W. Sokol and J.E. Bayfield, "Quantum localization in microwave ionization of
‘highly excited hydrogen atoms", Bull. Amer. Phys. Soc. 34, 1400 (1989).

7.  L.Moorman, B.E. Sauer, E.J. Galvez, P.M. Koch, D. Richards, J.G. Leopold, R.V.
Jensen, "Microwave ionization/excitation of H® (n) atoms: Breakdown of classical
dynamics for high scaled frequencies” Bull. Amer. Phys. Soc. 34, 1377 (1989).

8.  J.B. Donahue et al., Phys. Rev. Letters 48, 1538 (1982). For much more detail see
C.A. Frost, Los Alamos report LA-8976-T Sept. 81.

9, D.A. Clark et al., "Observation of Structure in the H- Photodetachment Cross Section
Below n=6" Bull. Amer. Phys. Soc. 25, 1137 (1980).

10. C.Y.Tanget al., Phys. Rev A39, 6068 (1989).




811 o) uo St
asnoy Sununoo gy YIH YL "191ud0 3y ul st dojs wreaq 9y} pue P3| 3y}
WOy SI01US Weaq YL ‘§86T JO [[B] Y} Ul UIIS S ‘0IIXIPN MIN "SOUETY
$07 ur JIWV'T J0 Anpoe} (VIIH) Weag dWoly Uonnjossy ySTH YL




PUBLICATIONS
REFEREED JOURNAL ARTICLES

"Direct Proof of 91 Neutral Decay," Phys. Rev. Letters 3, 51 (1959). Co—authors: J. L.

Brown, R. A. Burnstein, D. A. Glaser, R. Hartung, J. A. Kadyk, J. D. Van Putten, D.
Sinclair, G. H. Trilling, J. C. VanderVelde.

"Neutral Branching Ratios of A° and K° Particles," Phys. Rev. Letters 3, 563 (1959).
Co—authors: J. L. Brown, R. A. Burnstein, D. A. Glaser, R. Hartung, J. A. Kadyk, J. D.
Van Putten, D. Sinclair, G. H. Trilling, J. C. VanderVelde.

"Properties of Neutral Strange Particles Produced in a Xenon Bubble Chamber," I1 Nuovo
Cimento 19, 1155—-1170 (1961). Co—authors: J. L. Brown, R. A. Burnstein, D. A. Glaser,
R. Hartung, J. A. Kadyk, J. D. Van Putten, D. Sinclair, G. H. Trilling, J. C. VanderVelde.

"Heat Waves and Angstrbm’s Method," Am. J. Phys. 31, 325 (1963).’

"(He3,n) Reactions on Various Light Nuclei," Nuclear Physics, 53, pp. 97—112 (1964).
Co—authors: W. T. Leland, E. R. Flynn, J. G. Beery.

"High—Efficiency Solid State Neutron Telescope for 1535 MeV Neutrons," Rev. Sci.
Instruments 37, 215 (1966). Co—author: E. R. Flynn.

"Mie Theory and the Glory," J. Opt. Soc. Am. 56, 1529 (1966). Co—author: A. J. Cox.

"Direct Observation of Surface Waves on Water Droplets," J. Opt. Soc. Am. 56, 1635
(1966). Co—author: T. S. Fahlen.

"Spin Correlation in Proton—Proton Scattering at 27 MeV," Phys. Rev. 155, 1438 (1967).
Co—authors: N. Jarmie, J. E. Brolley, H. Kruse, R. Smythe.

"Monte Carlo Simulation of a Proton—Proton Spin Correlation Experiment," Phys. Rev.
155, 1444 (1967). Co—author: Nelson Jarmie.

"Detection of Surface Waves at a Plane Air—Water Interface," J. Opt. Soc. Am., 57, 430
(1967). Co—author: Benjamin W. Woodward.

"The Mossbauer Effect with Sinusoidal Doppler Shift," Amer. J. Phys. 35, 1159 (1967).

"Surface—Wave Phenomena at Liquid—Air Interfaces," J. Opt. Soc. Am. 58, 283 (1968).
Co—author: R. H. Dungan.

"Nuclear Glory Scattering," Annals of Phys. 4, 127/140 (1968). Co—author: Nelson
Jarmie.

"Optical Backscattering from Single Water Droplets," J. Opt. Soc. Am. 58, 304/1671E
(1968). Co—author: T.S. Fahlen.

"Precision Measurements of Water Droplet Evaporation Rates," J. App. Opt. 7, 883—890
(1968). Co—authors: P.S. Ro and T. S. Fahlen.

"Surface—Wave Description of w+p Backward Scattering," Phys. Rev. 186, 1488 (1969).

~ 19 - M’" . NG
g




"Muon—Proton Inelastic Scattering, |q2| less than 1.2 (GeV/ c)z," Phys. Rev. Letters 23,
1187 (1969). Co—authors: B. D. Dieterle, T. J. Braunstein, J. Cox, W. L. Lakin, F.
Martin, W. T. Toner, M. L. Perl, T. F. Zipf.

"Muon—Proton Inelastic Scattering and Vector Dominance," Phys. Rev. Letters 23, 1191
(1969). Co—authors: B. D. Dieterle, T. J. Braunstein, J. Cox, W. L. Lakin, F. Martin, W.
T. Toner, M. L. Perl, T. F. Zipf.

"Experimental Determination of the Inelastic Neutron Form Factor by Scattering of 12
GeV Muons on Hydrogen, Carbon and Copper," Phys. Rev. Letters 26, 34 (1971).
Co—authors: W. L. Lakin, T. J. Braunstein, J. Cox, B. D. Dieterle, M. L. Perl, W. T.
Toner, T. F. Zipf.

"Comparison of Muon—Proton and Electron—Proton Deep Inelastic Scattering,” Phys.
Letters 36B, No. 3, 251 (1971). Co—authors: W. T. Toner, T. J. Brauntein, W. L. Lakin,
F. Martin, M. L. Perl, T. F. Zipf, B. D. Dieterle.

"Production of Pulsed Particle Beams by Photodetachment of H™," Phys. Rev. Letters 27,
1628 (1971). Co—authors: P. A. Lovoi and G. G. Ohlsen.

"Lateral Waves on a Plane Air—Water Interface," J. Opt. Soc. Am. 63, 1009 (1973) 5
pages.

"Precision Measurement of n—p Charge—Exchange Cross Section at 647 MeV," Physical
Review Letters 36, 497 (1976). Co—authors: M. L. Evans, G. Glass, J. C. Hiebert, M.
Jain, R. A. Kenefick, L. C. Northcliffe, B. E. Bonner, J. E. Simmons, C. W. Bjork, P. J.
Riley, C. G. Cassapakis, B. D. Dieterle, C. P. Leavitt, D. M. Wolfe, D. W. Werren.

"Neutron Spectra at 0° from p—p and p—d collisions at 647 and 800 MeV Incident
Energies," Physics Letters, 63B, 31 (1976). Co—authors: C. W. Bjork, P. J. Riley, B. E.
Bonner, J. E. Simmons, K. D. Williamson, Jr., M. L. Evans, G. Glass, J. C. Hiebert, M.
Jain, R. A. Kenefick, L. C. Northcliffe, C. G. Cassapakis, B. D. Dieterle, C. P. Leavitt, D.
M. Wolfe, D. W. Werren.

"Neutron Spectra at 0° from (p,n) Reactions on gBe, 120, and 27'Al at 647 and 800 MeV,"
Physics Letters 63B, 35 (1976). Co—authors: C. G. Cassapakis, B. D. Dieterle, C. P.
Leavitt, D. M. Wolfe, B. E. Bonner, J. E. Simmons, C. W. Bjork, P. J. Riley, M. L.
Evans, G. Glass, J. C. Hiebert, M. Jain, R. A. Kenefick, L. C. Northcliffe, D. W. Werren.

"A Solar Pond for London?", co—author, Ian Colbeck, Solar Energy 19, 321 (1977).

"Observation of Resonances Near 11 eV in the Photodetachment Cross Section of the H
Ion," Phys. Rev. Letters 38, 228 (1977). H. C. Bryant, B. D. Dieterle, J. Donahue, H.
Sharifian, H. Tootoonchi, D. M. Wolfe, P. A. M. Gram, M. A. Yates—Williams.

"Optical Transforms of the Alphabet," The Physics Teacher 15, 301 (1977). Co—authors:
H. Sharifian, H. Tootoonchi, J. D. Seagrave.

"Effect of an Electric Field upon Resonances in the H Ion," Phys. Rev. Lett. 40, 107
(1978). H. C. Bryant, P. A. M. Gram, J. C. Pratt, M. A. Yates—Williams, J. Donahue, H.
Sharitian, H. Tootoonchi.

- 20 -




"A Salt Gradient Solar Pond," Solar Age, pp. 21, 32—36, April 1978. Co—author: Federica
Zangrando.

"Observation of Narrow Resonance in the H Photodetachment Cross Section near the
n=3 Threshold," Phys. Rev. Letters 43, 1715 (1979). M. E. Hamm, R. W. Hamm, J.
Donahue, P. A. M. Gram, J. C. Pratt, M. A. Yates, R. D. Bolton, D. A. Clark, H. C.
Bryant, C. A. Frost, W. W. Smith.

"Measurement of Polarization in K™ p Elastic Scattering Between 0.955 GeV/c and 1.272
GeV/c," Nuclear Physics B168, 207—221 (1980). Co—authors: A. A. Carter, M. Coupland,
E. Eisenhandler, W. R. Gibson, P. I. P. Kalmus, T. W. Pritchard, H. Sandhu, S. J. Watts,
G. T. J. Arnison, A. Astbury, J. K. Davis, G. H. Grayer, D. Hill, A. W. Robertson, T. P.
Shah and C. Sutton. (Preprint RL—79—078, Rutherford Laboratory, Nov. 1979).

"Solar Pond as a Source for a Flash Evaporation Chamber for Distillation Plants,"
International Solar Pond Letters, Vol. 1, No. 1,2, Oct. 1982. Co—author: R. Almanza.

"Observations of Two—Electron Photoionization of the H™ Ion Near Threshold," Physical
Review Letters 48, 1538 (1982) also 52, E164 (1984). J. B. Donahue, P. A. M. Gram, M.
V. Hynes, R. W. Hamm, C. A. Frost, H. C. Bryant, K. B. Butterfield, D. A. Clark, W. W,
Smith.

"Differential Cross Sections for n—p elastic scattering in the angular range 51°<#*<180° at
647.5 MeV," Phys. Rev. C26, 2525 (1982). Co—authors: M. L. Evans, G. Glass, J. C.
Hiebert, Mahavir Jain, R. A. Kenefide, L. C. Northcliffe, B. E. Bonner, J. E. Simmons, C.
W. Bjork, P. J. Riley, C. G. Cassapakis, B. Dieterle, C. P. Leavitt, D. M. Wolfe, D. W.
Werren.

"Thermal Model of a Cylindrically Symmetric Solar Pond," Solar Energy Journal 30,
589—595 (1983). Co—author K. Dhingra.

"Effects of strong electric fields on resonant structures in H photodetachment," Physical
Review A27, 28892912 (1983). H. C. Bryant, D. A. Clark, K. B. Butterfield, C. A. Frost,
H. Sharifian, H. Tootoonchi, J. B. Donahue, P.A.M. Gram, M. E. Hamm, R. W. Hamm, J.
C. Pratt, M. A. Yates, W. W. Smith.

"Oscillatory motions of the non—convective layers of a solar pond," Journal of Solar Energy
Engineering 105, 375—377 (1983). Co—author: R. Almanza.

"Observation of the transmittance of two solar ponds," Journal of Solar Energy
Engineering 105, 378—379 (1983). Co—author: R. Almanza.

"The Transverse Diffusion of Ar™ and Ar2+ in Ar," Physical Review A., 29, 3379—3387
(1984). Co—authors: G. Sejkora, P. Girstmair and T. D. Mark.

- 21 -




"Differential Cross Section for n—p Elastic Scattering in the Angular Range 60°< #*<180°
at 801.9 MeV," Mahavir Jain, M. L. Evans, G. Glass, J. C. Hiebert, R. A. Kenefick, L. C.
Northcliffe, B. E. Bonner, J. E. Simmons, C. W. Bjork, P. J. Riley, H. C. Bryant, C. G.
Casapakis, B. Dieterle, C. P. Leavitt, D. M. Wolfe, and D. W. Werren, Physical Review C.
30, 566—573 (1984).

"Shape Resonances in the Hydrogen Stark Effect in Fields up to 3 MV/cm", T. Bergeman,
C. Harvey, K. B. Butterfield, H. C. Bryant, D. A. Clark, P. A. M. Gram, D. MacArthur,

?L D:;.vis, J. B. Donahue, J. Dayton and W. W. Smith, Physical Review Letters, 53, 775
1984).

"Energy measurement of the lowest 1p° Feshbach resonance in H," D. W. MacArthur, K.
B. Butterfield, D. A. Clark, J. B. Donahue, P.A.M. Gram, H. C. Bryant C. J. Harvey, W.
W. Smith. G. Comtet. Physxca.l Review A. 32, 1921 (1985)

"Test of the special relativistic Doppler formula for /=0.84," D.W. MacArthur, K. B.
Butterfield, D. A. Clark, J. B. Donahue, P.A.M. Gram, H. C. Bryant, C. J. Harvey, W.
W. Smith, G. Comtet. Physical Review Letters, 56, 282 (1986).

"Stability of the lpe Shape resonance in H in moderate electric fields," G. Comtet, C. J.
Harvey, J. E. Stewart, H. C. Bryant, K. B. Butterfield, D. A. Clark, J. B. Donahue,

P.A.M. Gram, D. W. MacArthur V. Yuan, W. W. Smlth Stanley Cohen Phys. Rev. A30,
1547 (1987).

"Observation of Motional—Field—Induced Ripples in the Photodetachment Cross Section of

H ," H C. Bryant, A. Mohagheghi, J. E. Stewart, J. B. Donahue, C. R. Quick, R. A.
Reeder, V. Yuan, C. R. Hummer, W. P. Reinhardt, L. Overman, Phys. Rev. Letters, 58,
2412 (1987). ‘

"Response of the 1PD resonance near n=3 in the H~ Continuum to External Electric
Fields," Stanley Cohen, H. C. Bryant, C. J. Harvey, J. E. Stewart, K. B. Butterfied, D. A.
Clark, J. B. Donahue, D. W. MacArthur, G. Comtet, W. W. Smith, Phy. Rev. A 36,
47284736 (1987).

"Observation of Multiphoton Detachment of the H Ion", C. Y. Tang, P. G. Harris, A.
H.Mohagheghi, H. C. Bryant, C. R. Quick, J. B. Donahue R. A. Reeder, Stanley Cohen
W. W. Smith, J. E. Stewart, Phys. Rev A. 39, 6068 (1989) Rapid Communications.

"Further Studies of H Photodetachment in Electric Fields", P. G. Harris, H. C. Bryant,
A. H. Mohagheghi, C. Tang, J. B. Donahue, C.R. Quick, R. A. Reeder, S. Cohen, W. W.
Smith, J. E. Stewart, C. Johnson. Phys. Rev. A."




INVITED PAPERS

"An Experimental Study of the Glory Phenomenon," Proceedings of the Conference on
Atmospheric Limitations to Optical Propagation, Central Radio Propagation Laboratory
and National Center for Atmospheric Research, Boulder, Colorado, 1965, p. 14—26.
Co—authors: A. J. Cox, D. L. Cutchin, T. S. Fahlen.

"Photodetachment Studies on a Relativistic H Beam," invited talk at "Atomic Physics"
Gordon Conference, July 4—8, 1977, Wolfeboro, New Hampshire. Not published.

"Operation and Maintenance of a Salt Gradient Solar Pond," presented by Federica
Zangrando at Helioscience Institute Conference, Palm Springs, California, May 1—4, 1977.

"Photodetachment Studies on a Relativistic H Beam," invited paper (30 minutes), 9th
Annual Meeting of the Division of Electron and Atomic Physics, Knoxville, Tennessee, 5—7
December 1977, Bull. Amer. Phys. Soc. 22, 1 Dec. 1977, p. 1319. H. C. Bryant.

"Heat Extraction from a Salt Gradient Solar Pond" presented by Federica Zangrando at
International Conference on Alternate Energy Sources, Miami Beach, Florida 5-7
December 1977 and published in a book entitled Alternative Energy Sources, an
International Compendium, published by Miami International Conference on Alternative
Energy Sources, Hemisphere Pub. Co., Washington, D. C. This paper was also published
by the New Mexico Energy Institute of New Mexico State University as a technical report
NMEI 45, July 1979. Co—author: F. Zangrando.

"Time-resolved Beam Energy Measurements at LAMPF," IEEE Transactions on Nuclear
Science, Vol NS—26, No. 3, June 1979, pp. 3291-3293. Also paper presented at 1979
Particle Accelerator Conference, Accelerator Engineering and Technology, San Francisco,
California, March 12—14, 1979, by D. W. Hudgings. H. C. Bryant, D. A. Clark, C. A.
Frost, J. Donahue, D. W. Hudgings, M. McNaughton and M. A. Yates—Williams.

"Studies of H Resonances in an Electric Field," Invited Review Talk 3A2, XI

International Conference on the Physics of Electronic and Atomic Collisions, 29 Aug.—4
Sept. 1979, Kyoto International Conference Hall, Kyoto, Japan. Pub. in Electronic and
Atomic Collisions, N. Oda and K. Takayangi, eds., North Holland, 1980. H. C. Bryant.

"Atomic Physics with Relativistic Beams," invited lecture presented by H. C. Bryant at
the Tth International Conference on Atomic Physics, Aug 4—8, 1980, Massachusetts
Institute of Technology. Published in Atomic Physics 7, Kleppner and Pipkin, eds., North
Holland. H. C. Bryant, K. B. Butterfield, D. A. Clark, C. A. Frost, J. B. Donahue, P. A.
M. Gram, M. E. Hamm, R. W. Hamm, W. W. Smith.

"Photodetachment of Relativistic Ions," IEEE Transactions on Nuclear Science 28, 1203
(1981) presented by J. B. Donahue at Conference on the Application of Accelerators in
Research and Industry, Denton, Texas, Nov. 3—5, 1980. J. B. Donahue, P. A. M. Gram,
M. lg Hamm, R. W. Hamm, H. C. Bryant, K. B. Butterfield, D. A. Clark, C. A. Frost, W.
W. Smith. .

- 23 -




"Photodetachment Spectroscopy of the H  ion," invited talk at US—Mexico Joint Seminar
on the Atomic Physics of Negative Ions, presented by H. C. Bryant, April 14, 1981, La
Mansion, Galindo, Mexico. H. C. Bryant, K. B. Butterfield, D. A. Clark, J. B. Donahue,
P. A. M. Gram, R. W. Hamm, W. W. Smith. Published in Notas de fisica Vol. 5, Instituto
de fisica, UNAM, Mexico, pages 265—281, Ignacio Alvarez and Carmen Cisneros, editors.

"Atomic Physics with Relativistic Beams," Atomic Physics Program Contractors’
Workshop, US DOE, Argonne, IL, April 1-2, 1981. Presented by D. A. Clark.

"What Happens When a Solar Pond Boils," International Solar Energy Sociéty, "Solar
Rising" Conference Proceedings, Philadelphia, PA 1981. Presented by Daniel Weeks.

"Recent Progress on Two—Electron Photodetachment of H " invited talk at "Electron
Scattering from Atoms and Atomic Ions" (a Satellite Symposium of the 1981 ICPEAC),
NASA Goddard Space Flight Center, Greenbelt, MD 20771, July 23—24, 1981, presented by
C. A. Frost. H. C. Bryant, K. B. Butterfield, D. A. Clark, J. B. Donahue, P. A. M. Gram,
R. W. Hamm, W. W. Smith.

"Salt Gradient Solar Pond Research at UNM", Invited talk at U.S. D.O.E. Solar Pond
Research Meeting, Washington, D.C., April 1214, 1982.

"Transverse diffusion of mass—identified ions in their parent gases," invited paper,
published in Proceedings of the 3rd International Swarm Seminar, Innsbruck, Aug. 56,
1983 (Editors: W. Lindinger, H. Villinger and W. Federer). Co—authors: G. Sejkora, P.
Girstmair, M. Hesche, N. Djuric, T. D. Mark.

"Atomic Physics Near the Speed of Light," Invited Lecture (45 minutes) at Symposium on
Atomic and Surface Physics Maria Alm, Salzburg Jan. 29—Feb. 4, 1984 (not published). H.
C. Bryant.

"Atomic Physics with Relativistic Beams" 25 minute lecture at U. S. DOE Atomic Physics
Program Contractor’s Meeting, April 26—27, 1984. National Bureau of Standards,
Gaithersbuurg, MD. Abstract in NBS "Program and Abstracts", Atomic Physics Program
Contractor’s Workshop. H. C. Bryant.

"Observations of the Response of Near—luminal H° and H~ Atoms to Magnetic Fields" 20
minute invited talk at Workshop on Atomic Spectra and Collisions in External Fields,
National Bureau of Standards, Gaithersburg, Maryland, Oct. 22, 23, 1984. Published as a
chapter in the book: Atomic Excitation and Recombination in External Fields, edited by
M. H. Nayfeh and C. W. Clark. Gordan & Breach (1985), Chapter entitled "Simple Atomic
Systems in Strong Electric Fields" by W. W. Smith, C. Harvey, J. E. Stewart, H. C.
Bryant, K. B. Butterfield, D. A. Clark, J. B. Donahue, P.A.M. Gram, D. MacArthur, G.
Comtet and T. Bergeman.

"Laser Photodetachment Studies of the H Ion in Strong Electric Fields" 30 minute
presentation at Lasers ’84 {The Seventh International Conference on Lasers and
Applications), San Francisco, Nov. 26—30, 1984. H. C. Bryant.

"Laser Spectroscopy with Relativistic Beams", Invited paper (30 min), International Laser
Science Conference, Dallas, Texas, Nov 18—22, 1985 (Session MJ). H. C. Bryant.

- 24 -




"Near Luminal H in Strong Fields," Invited Lecture, International Symposium Atoms in
Strong Fields, Hotel Am Badersee, Grainau, FRG, Sept. 5-9, 1988. H.C. Bryant.

"The Spectroscopy of H " 40 minute lecture at the Workshop on Long Range Forces in
Few Body Systems, Vancouver, BC, Canada 28-30 June 1989. H.C. Bryant.

BOOK REVIEWS

'(‘The )Field Concept in Contemporary Science," by Mendel Sachs, J. Opt. Soc. Am. 64, 112
1974).

"Rainbows, Halos, and Glories," by Robert Greenler, Cambridge UP, pp. 195, L15, New
Scientist, 14 May 1981, p. 429.

"Rare Halos, Mirages, Anomalous Rainbows and Related Electromagnetic Phenonoma," by
William R. Corliss, IEEE Spectrum, Dec. 1984.

"Atomic and Quantum Physics," 2nd Enlarged Edition, by H. Haken and H. C. Wolf,
IEEE J. Quantum Electronics 24, 1799 (1988).

ABSTRACTS OF CONTRIBUTED PAPERS

"Neutral Decay Modes of A° and K°," Proceedings of 1960 International Conference of
High—Energy Physics, p. 613, University of Rochester, 1960. Co—authors: J. L. Brown, R.
A. Burnstein, D. A. Glaser, R. Hartung, J. A. Kadyk, J. D. Van Putten, D. Sinclair, G. H.
Trilling, J. C. VanderVelde.

"(He3,n) Reactions on Some Light Nuclei," Bull. Amer. Phys. Soc. II, 7, 604 (1962).
Co—authors: W. T. Leland. E. R. Flynn, J. G. Beery.

"Angular Distribution of N—P Scattering at 23.5 MeV," Bull. Amer. Phys. Soc. II, 9, 43
(1964). Co—authors: W. T. Leland, E. R. Flynn, J. G. Beery.

"High—Efficiency Solid—State Telescope for 20 MeV Neutrons," Bull. Amer. Phys. Soc.,
Series 11 Vol. 10, No. 4 (1965). Co—author: E. R. Flynn, who delivered paper.

"Proton—Proton Spin Correlation at 27.3 MeV," Bull. Amer. Phys. Soc. II, 10, 1204
(1965). Co—authors: N. Jarmie (delivered paper), J. E. Brolley, H. W. Kruse, R. Smythe,
P. W. Allison, G. E. Bixby. ‘

"Change in Droplet Diameter Determined by Inteference—Produced Fluctuations in
Reflected Axial Intensity," 10 minute paper at 1966 Annual Meeting of the Optical Society
of America ThG21, 18 October 1966, also in J. Opt. Soc. Amer. 56, 1438 (1966).
Co—author: T. S. Fahlen (gave paper).

"Nuclear Glory Scatteﬁng," Bull. Amer. Phys. Soc. II, 12, 11 (1967). Co—author: N.
Jarmie.




10

The following three titles from the 14th International Conference on High—Energy Physics,
Vienna 1968, CERN, Geneva (1968). Co—authors: B. Dieterle, W. Lakin, M. L. Perl, T.
F. Zipf, T. Braunstein, J. Cox, F. Martin, and W. T. Toner.

a) "Determination of the Total Inelastic Photon—Proton Cross Section from Low q2
Muon—Proton Inelastic Scattering" paper 367, page 455;
b) "Inelastic Muon Scattering on Carbon" paper 369, page 455; and

c¢) "Form Factors in Inelastic Muon—Proton Scattering at q2 up t0 2.0 (GeV/c)
paper 370, page 455.

2"

The following three titles from the Bulletin American Physical Society, IT 14 (1969),
Annual New York Meeting. Co—authors: B. Dieterle, W. Lakin, M. L. Perl, T. F. Zipf, T.
Braunstein, J. Cox, F. Martin, and W. T. Toner.

2

a) "Form Factors in Inelastic Muon—Proton Scattering at q“ up

t0 2.0 (GeV/c)®" BI 13, p. 46.
b) "Determination of the Total Photon—Proton Cross Section

from low q2 Muon—Proton Inelastic Cross Section" BI 14, p. 46.
c) "Inelastic Muon Scattering on Carbon" DD3, p. 50.

"Inelastic Scattering of 12 Gev Muons by Protons," Bull. Am. Phys. Soc. Series II 16, No.
4 p. 549 (1971). Co—authors: T. J. Braunstein, J. Cox, W. L. Lakin, F. Martin, M. L.
Perl, W. T. Toner, T. F. Zipf, B. D. Dieterle. :

"Lateral Waves on a Plane Air—Water Interface," Bull. Am. Phys. Soc. II, 17, 659 (1972).

"Neutron Spectra from 647 MeV protons on 9Be," Bull. Amer. Phys. Soc. II, 19, 594
(1974). ‘Co—authors: B. Bonner (delivered paper), J. Simmons, D. Werren, C.
Cassapakis, S. Cohen, B. Dieterle, D. Wolfe, G. Glass, J. Hiebert, L. Northcliffe, C. Bjork,
P. Riley. -~

"Neutron Spectra from Proton Bombardment of Deuterium at 647 and 800 MeV," LASL
paper presented at the Few Body Conference at the Universite Laval, Quebec, August 27,
1974. Co-authors: C. Bjork, P. Riley, B. Bonner, J. Simmons, K, Williamson, D. Werren,
B. Dieterle, C. Cassapakis, S. Cohen, C. Leavitt, D. Wolfe, M. Evans, G. Glass, J. Hiebert,
M. Jain, L. Northcliffe. '

"Precision Measurement of n—p Charge—exchange Cross Section at 640 MeV," LASL paper
presented that the Few Body Conference at Universite Laval, Quebec, August 27, 1974.
Co—authors: L. Northcliffe, M. Evans, G. Glass, J. Hiebert, M. Jain, C. Cassapakis, S.
Cohen, D. Wolfe, B. Bonner, J. Simmons, D. Werren, C. Bjork, P. Riley.

"Measurement of the 0° Neutron Spectrum from the Reaction pp - np7r+ at Tp = 764
MeV," LASL paper presented at Few Body Conference at the Universite Laval, Quebec,
August 27, 1974. Co—authors: B. Bonner, J. Simmons, K. Williamson, D. Werren, B.
Dieterle, C. Cassapakis, S. Cohen, D. Wolfe, M. Evans, G. Glass, J. Hiebert, M. Jain, L.
Northcliffe, C. Bjork, P. Riley.




11

"Measurement of the 0; Neutron Spectra from 647 and 800 MeV Proton Bombardment of
Light Nuclei," Bull. Amer. Phys. Soc. II, 20, 83, (1975) the Anaheim Meeting of the
American Physical Society 1974. Co—authors: C. Cassapakis, B. Dieterle, S. Cohen, D.
Wolfe, B. Bonner, J. Simmons, M. Evans, G. Glass, J. Hiebert, M. Jain, L. Northcliffe, C.
Bjork, P. Riley, D. Werren.

"Neutron Spectra from Proton Bombardment of Deuterium at 647 and 800 MeV," Bull.
Amer. Phys. Soc. II, 20, 663 (1975) the Washington, D. C. Meeting of the American
Physical Society 1975. Co—authors: C. Bjork, P. Riley, B. Bonner, J. Simmons, D.
Werren, B. Dieterle, C. Cassapakis, D. Wolfe, M. Evans, G. Glass, J. Hiebert, M. Jain, L.
Northcliffe.

"Energy and Angular Distribution of Neutrons Produced by 800 MeV Proton—proton
Collisions," Bull. Amer. Phys. Soc. II, 20, 554 (1975) the Spring Meeting of the American
Physical Society 1975. Co—authors: B. Dieterle, R. Carlini, C. Cassapakis, C. Leavitt, T.
Rupp, D. Wolfe, R. Bentley, J. Pratt.

"Energy and Angular Distribution of Neutrons Produced by 800 MeV Proton~Proton
Collisions," abstract submitted for VI International Conference on High Energy Physics
and Nuclear Structure, Santa Fe, June 9-14, 1975. Co—authors: J. Pratt, R. Bentley, R.
Carlini, C. Cassapakis, B. Dieterle, C. Leavitt, T. Rupp, D. Wolfe. ’

"Observation of Resonances in the Photodetachment Cross Section of the H Ion Near 11
eV," presented by H. Tootoonchi at the Southwest Regional Conference for Astronomy and
Astrophysics, May 22-23, 1977, Austin, Texas. Co—authors: J. Donahue, P. A. M. Gram,
J. C. Pratt, M. A. Yates—Williams, H. Tootoonchi and H. Sharifian.

"Preliminary Results of a Measurement of the H Photodetachment Cross Section in the
Continuum Region," presented by H. Sharifian at the Southwest Regional Conference for
Astronomy and Astrophysics, May 22—23, 1977, Austin, Texas. H. C. Bryant, J. Donahue,
P. A. M. Gram, J. C. Pratt, M. A. Yates—Williams, H. Tootoonchi and H. Sharifian.

"The Effect of Electric and Magnetic Fields Upon Resonances in the H Photodetachment
Cross Section" presented by P. A. M. Gram at the International Conference on
Multiphoton Processes, Rochester, June 6—9, 1977. Co—authors: J. C. Pratt, M. A.
Yates—Williams, J. Donahue, H. Sharifian, H. Tootoonchi.

"Measurement of Polarization in K p Elastic Scattering of Low Energies," Contributed
paper, presented by S. J. Watts, at Conference on Nuclear Structure and Elementary
Particle Physics, Birmingham, England, March 1979. Co—authors: A. A. Carter, M.
Coupland, E. Eisenhandler, W. R. Gibson, P. I. P. Kalmus, H. S. Sandhu, S. J. Watts, A.
Astbury, J. K. Davies, G. H. Grayer, A. W. Robertson, T. P. Shah, C. Sutton.

"Determination of the M Values of the Stark—Split Feshbach Resonance near 10.93 eV in

the Photodetachment Spectrum of H ," presented by J. Donahue, paper AF9, Bull. Amer.
Phys. Soc. 24, 561 (1979). J. Donahue, P. A. M. Gram, J. C. Pratt, M. A.
Yates—Williams, H. C. Bryant, D. A. Clark, C. A. Frost, W. W. Smith.




12

"Survey of Resonance Region in the H Photodetachment Cross Section," presented by M.
E. Hamm, paper AF10, Bull. Amer. Phys. Soc. 24, 561 (1979). M. E. Hamm, J. Donahue,
P. A. M. Gram, J. C. Pratt, M. A. Yates—Williams, H. C. Bryant, D. A. Clark, C. A.
Frost, H. Sharifian, H. Tootoonchi, W. W. Smith.

"Energy Measurements of the H Beam at LAMPF," presented by D. A. Clark, paper
HM11, Bull. Amer. Phys. Soc. 24, 670 (1979). D. A. Clark, H. C. Bryant, C. A. Frost, J.
Donahue, P. A. M. Gram, M. E. Hamm, D. W. Hudgings, M. McNaughton, J. C. Pratt,
M. A. Yates—Williams, W. W. Smith.

"Stepwise Laser Photodetachment of H(ls) via the Lyman Series using the Relativistic
Doppler Shift," presented by W. W. Smith, paper BB3, Bull. Amer. Phys. Soc. 24, 1174
(1979). D. A. Clark, W. W. Smith, J. B. Donahue, H. C. Bryant, C. A. Frost, P. A. M.
Gram, M. Hamm, R. W. Hamm, J. C. Pratt.

"Polarization in K p Elastic Scattering Between 0.955 GeV/c and 1.272 GeV/c,"
presented by S. J. Watts at Workshop on Low and Intermediate Energy Kaon—Nucleon
Physics, Rome, Italy, 24—28 March, 1980. Co—authors: A. A. Carter, M. Coupland, E.
Eisenhandler, W. R. Gibson, P. I. P. Kalmus, H. Sandhu, S. J. Watts, A. Astbury, J. K.
Davis, G. H. Grayer, A. W. Robertson, T. P. Shaw, and C. Sutton.

"Two—electron Photodetachment for the H ion," presented by C. A. Frost, paper GJ9,
Bull. Amer. Phys. Soc. 25, 565 (1980). C. A. Frost, D. A. Clark, H. C. Bryant, J. B.
Donahue, P. A. M. Gram, M. E. Hamm, R. W. Hamm, W. W. Smith.

"Observation of Structure in the H Photodetachment Cross Section Below n=6,"
presented by D. A. Clark, paper H7, Bull. Amer. Phys. Soc. 25, 1137 (1980). H. C.
Bryant, D. A. Clark, K. B. Butterfield, J. B. Donahue, P. A. M. Gram, M. E. Hamm, R.
W. Hamm, W. W. Smith.

"Absolute Energy Measurements of Resonances in the Photodetachment Spectrum of H ,"
D. A. Clark, H. C. Bryant, K. B. Butterfield, C. A. Frost, R. Marchini, J. B. Donahue, P.
A. M. Gram, W. W. Smith, Bulletin of American Physical Soc. 26, 1196 (1981), AE17
(paper presented by D. A. Clark).

From abstracts of contributed papers "Electronic and Atomic Collisions," XIII ICPEAC,
Berlin 1983. Editors: J. Eichler, et.al.

"Some production and distruction reactions of protonated formic acid, HC(OHQ)';," p. 656.

abstracts of contributed papers "Electronic and Atomic Collisions," XIII ICPEAC, Berlin
1983. Editors: J. Eichler, et.al. H. Villinger, A. Saxer, E. Ferguson, R. Richter, W.
Lindinger and H. C. Bryant.

- 28 -




13

"Post deadline paper: Listed under "Post—post deadline papers" "Transverse diffusion of
the (Nz); cluster ion," p. 11. abstracts of contributed papers "Electronic and Atomic

Collisions," XIII ICPEAC, Berlin 1983. Editors: J. Eichler, et.al. H. C. Bryant, P.
Girstmair, G. Sejkora, T. D. Mark.

"On the Role of HC(OH);' in Interstellar Molecular Synthesis." Co—authors: H. Villinger,

A. Saxer, E. E. Ferguson, W. Lindinger, 3rd International Swarm Seminar Proceedings, pp.
127-131. Eds. W. Lindinger, H. Villinger, W. Federer, Innsbruck, Austria, Aug. 3-5,
1983.

"Production and Loss of H in a Hollow Cathode Discharge." Co—authors: M.
Grindhammer, I. Kuen, F. Howorka, H. C. Bryant, 3rd International Swarm Seminar
Proceedings, pp. 136—143. Eds. W. Lindinger, H. Villinger, W. Federer, Innsbruck,
Austria, Aug. 3—5, 1983.

"Transverse Ion Diffusion Studied with Radial Ion Distribution Method" paper presented
at Symposium on Atomic and Surface Physics, Maria Alm, Salzburg, Jan. 29—Feb. 4, 1984.
H. C. Bryant, T. D. Mark, G. Sejkora, P. Girstmair, M. Hesche, E. Mark, M. T. Elford.
Abstract published in SASP '84 Contributions p. 144—154.

"Ternary association reaction of CH';: and CH(OH)’; with H,O in He Buffer". XVI

ICPIG (International Conference on Phenomena in Ionized gases) Dusseldorf, Aug.
29—Sept. 2, 1983, H. Villinger, A. Saxer, H. Bryant and W. Lindinger.

"A Mystery Revisted: The H shape resonance in strong electric fields," paper presented
at Symposium on Atomic and Surface Physics, Maria Alm, Salzburg, Jan. 29—Feb. 4, 1984.
H. C. Bryant, K. B. Butterfield, C. J. Harvey, D. A. Clark, J. B. Donahue, P. A. M.
Gram, D. MacArthur, W. W. Smith. Abstract published in SASP ’84 Contributions p.
50-55.

"Test of Special Relativistic Time Dilation at § = 0.84", presented by G. Comtet, paper
GI2, Bull Amer. Phys. Soc. 29, 720 (1984). D. W. MacArthur, K. B. Butterfield, D. A.
Clark, J. B. Donahue, P. A. M. Gram, H. C. Bryant, C. Harvey, and W. W. Smith.

"Observation of the Stark Effect in n=4 Levels of Hydrogen in Fields up to 3 MV/cm",
presented by T. Bergeman, paper GI5, Bull. Amer. Phys. Soc. 29, 721 (1984). T.
Bergeman, C. Harvey, K. B. Butterfield, G. Comtet, H. C. Bryant, D. A. Clark, P. A. M.
Gram, D. MacArthur, M. Davis, J. B. Donahue, J. Dayton, and W. W. Smith.

"Observation of the Stark Effect in n=4 Levels of Hydrogen in Fields up to 3 MV /cm",
presented by C. Harvey, paper CB10, Bull. Amer. Phys. Soc. 29, 786 (1984). C. Harvey, .
K. B. Butterfield, G. Comtet, H. C. Bryant, D. A. Clark, P. A. M. Gram, D. MacArthur,
M. Davis, J. B. Donahue, T. Bergeman, J. Dayton, and W. W. Smith.

"Observation of Decay of H~ (n=2) Resonances to H° (n=2) +e Using Stepwise Laser
Excitation", presented by D. Clark, paper D77, Bull. Amer. Phys. Soc. 29, 800 (1984).
David A. Clark, K. B. Butterfield, J. B. Donahue, P. A. M. Gram, D. W. MacArthur, H.
C. Bryant, C. J. Harvey, and W. W. Smith.

- 29 -




14

"Precision Measurement of the H n=2 Feshbach Resonance Energy", presented by C.
Harvey, paper FB7, Bull. Amer. Phys. Soc. 29, 823 (1984). D. W. MacArthur, K. B.
Butterfield, D. A. Clark, J. B. Donahue, P. A. M. Gram, H. C. Bryant, C. Harvey and W.
W. Smith.

"Stark Broadening of H~ Resonances in Large Electric Fields", presented by K. B.
Butterfield, paper FB8, Bull. Amer. Phys. Soc. 29, 823 (1984). K. B. Butterfield, D. A.
Clark, J. B. Donahue, P. A. M. Gram, D. W. MacArthur, H. C. Bryant, C. Harvey, and
W. W. Smith.

"Observation of the Stark Effect in Hydrogen (n=4) up to 3 MV/cm by Relativistic Beam
Techniques", Ninth International Conference on Atomic Physics, Seattle, Washington,
July 23—27, 1984, paper B27. T. Bergeman, C. Harvey, K. B. Butterfield, G. Comtet, H.
C. Bryant, D. A. Clark, P. A. M. Gram, D. MacArthur, M. Davis, J. B. Donahue, and W.
W. Smith.

"The H_1P° Shape Resonance in up to 2.5 MV/cm Electric Fields", Ninth International
Conference on Atomic Physics, Seattle, Washington, July 23—-27, 1984, paper B28. K. B.
Butterfield, D. A. Clark, J. B. Donahue, P. A. M. Gram, D. MacArthur, H. C. Bryant, G.
Comtet, C. J. Harvey, and W. W. Smith.

"The Response of the lpe Dip in the H continuum near n=3 to Large Electric Fields",
14th International Conference on Electronic and Atomic Collisions, Stanford, CA, July
2430, 1986. Stanley Cohen, G. Comtet, C. J. Harvey, K. B. Butterfield, D. A. Clark, J.
B. Donahue, P.A M. Gram, D. W. MacArthur, J. E. Stewart, H. C. Bryant.

"Electron Correlation and Stark Quenching in the H™ Ion", H. C. Bryant, C. J. Harvey, J.
E. Stewart, K. B. Butterfield, D. A. Clark, J. B. Donahue, P.A.M. Gram, D. W.
MacArthur, V. Yuan, G. Comtet, W. W. Smith. Contributed paper SASP’86.
Bundessportschule Obertraun, Austria, 9—15 Feb. 1986.

"Stability of the lpe shape resonance in H in moderate electric fields," Tenth
International Conference on Atomic Physics, Tokyo, Japan, Aug. 25—29, 1986, Paper 152,
G. Comtet, C. J. Harvey, J. E. Stewart, H. C. Bryant, K. B. Butterfield, D. A. Clark, J.
B. Donahue, P.A.M. Gram, D. W. MacArthur, V. Yuan, W. W. Smith, Stanley Cohen.

"Observations of the response to external electric fields of the 1p° resonance near n=3 in

the continuum," Tenth International Conference on Atomic Physics, Tokyo, Japan, Aug.

2529, 1986. Stanley Cohen, G. Comtet, K. B. Butterfield, D. A. Clark, J. B. Donahue,

g.A.M. Gram, D. W. MacArthur, J. E. Stewart, H. C. Bryant, C. J. Harvey, W. W.
mith.

"Field Induced Oscillations in the H minus Photodetachment Cross—section," J. E.
Stewart, H. C. Bryant, A. Mohagheghi, J. B. Donahue, C. R. Quick, R. A. Reeder, V.
Yuan, C. R. Hummer, W. W. Smith, S. Cohen. Post deadline paper for annual DEAP
meeting, Boston 18—20 May 1987.
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"Stability of the 1po shape resonance in H  in moderate electric fields," G. Comtet, C. J.
Harvey, J. E. Stewart, H. C. Bryant, K. B. Butterfield, D. A. Clark, J. B. Donahue,
P.A.M. Gram, D. W. MacArthur, V. Yuan, W. W. Smith, S. Cohen. Interfering
resonances and stabilized states in the continuum, Gif sur Yvette, 6—8 April 1987.

"An Atomic Interferometer," H. C. Bryant. Contributed paper to Atomic Spectra and
Collisions in External Fields II, Royal Holloway and Bedford New College, Egham Hill,
Egham, Surrey, TW200EX, UK, 30—32 July 1987.

"Double Photodetachment and High—Lying Resonances in the H Ion" P. G. Harris, J. B.
Donahue, H. C. Bryant, S. Cohen, A. H. Mohagheghi, C. R. Quick, R. A. Reeder, W. W.
Smith, J. E. Stewart, and C. Y. Tang. XVI International Conference on the Physics of
Electronic and Atomic Collisions. 26 July — 1 August, 1989, NY, NY.

"Observation of Excited Ho Atoms Produced by Relativistic H Ions in Carbon and
Formvar Foils" A.H. Mohagheghi, H. C. Bryant, P. G. Harris, C. Y. Tang, C. R. Quick, S.
Cohen, R. A. Reeder, W. W. Smith, J. E. Stewart. XVI International Conference on the
Physics of Electronic and Atomic Collisions 26 July — 1 Aug, 1989, NY, NY.

TECHNICAL REPORTS

"A Monte Carlo Calculation of the neutron Detection Efficiency of a Hydrogen Bubble
Chamber," Los Alamos Scientific Laboratory Report. Lams—2764 (1962).
Co—author: J. K. Wooten.

"A Monte Carlo Simulation of a Proton—Proton Spin Correlation Experiment," Los
Alamos Scientific Laboratory Report, LA—-3558, UC—34, PHYSICS, TID—4500, 17
October 1966, 45 pages. Co—author: Nelson Jarmie.

"A Study of the Glory," Final Report to the Sandia Corporation, Contract No. 53—4757
6/1967 by Howard C. Bryant.

Research Project Technical Completion Report to the Water Resources Research Institute,
New Mexico State University, 20 June 1968. H. C. Bryant.

"Surface—Wave Description of 77 p Backward Scattering," SLAC—PUB—608.

"A Multiwire Proportional Chamber Spectrometer for Nucleon—Nucleon Experiments’,
LA—5396—MS Informal Report UC—34c issued October 1973. Los Alamos Scientific
Laboratory. Co—authors: D. W. Werren, L. M. Fox, C. W. Bjork, S. Cohen, J. E.
Simmons, C. G. Cassapakis, D. M. Wolfe, D. Brown, C. Pacheco, B. E. Bonner, F. D.
Newcom, D. B. Dieterle, J. C. Hiebert.
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UNM Salt Gradient Solar Pond Research Reports (1982)
82/1 "Transmittance in a NaCl Solar Pond," R. Almanza and H. C. Bryant.

82/2 "Oscillatory motions in the nonconvective layer of a solar pond," R. Almanza and H.
C. Bryant.

82/3 Solar pond as a source for a flash evaporation chamber," R. Almanza and H. C.
Bryant. : :

82/4 "Transmittance Measurements in the KNO3 Solar Pond," R. Almanza and H. C.
Bryant. ‘

82/5 "Recent work on salt—gradient ponds at UNM," H. C. Bryant, A. L. Salamah, R.
Almanza and H. Fang.

82/6 "A colloidal solar pond,"” H. C. Bryant.

82/7 "Atomic Physics with Relativistic Beams 1984" C. J. Harvey and H. C. Bryant
Abstract for Atomic Physics Program Contractor’s Workshop, U. S. DOE May

13—14, 1985 (page 68), University of North Carolina, Chapel Hill.

"The Hybrid Salt Gradient Pond — From NaCl to KNO3," Final Technical Report to the
New Mexico Research and Development Institute. November 1986 (100 pages).

POPULAR ARTICLES

"The Fisheye Pinhole Camera," contribution to Physics Demonstration Experiments, page
1040—1041, (1970). Edited by Harry F. Meiners, The Ronald Press Co., New York.
Library of Congress No. 69—14674.

"The Glory," Scientific American, July 1974, p. 60—71. Co—author: Nelson Jarmie.

"Quarking on the Berkshire Downs," European Science Notes, Office of Naval Research,
London, ESN—30-10, 31 Oct. 1976, 469—472.

"Atomic Physics with Relativistic Beams" in Physics News in 1978 published by the
American Institute of Physics, New York, 1978 (distributed by Public Relations
Division, A.I.P.).

"A Brief Repdr.t on the ‘Physics of the H Ion’ Workshop," Honglie Fang and H. C.
Bryant, submitted to Acta Optica Sinica.
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RECENT TALKS AND COLLOQUIA

"Inaccessible Energy" and "Solar Ponds", two talks presented at the Ganado Energy
Forum, College of Ganado, Arizona, April 10-12, 1980.

"Why the Sea is Boiling Hot: Salt Gradient Solar Ponds," Sandia Colloquium, Sandia
Laboratories, Albuquerque, NM, Oct. 15, 1980.

"Relativistic Beams", joint Department of Physics—JILA colloquium, U. of Colorado,
Boulder, CO., Fall 1980.

"Atomic Physics with Relativistic Beams" and "Why the Sea is Boiling Hot: Salt
Gradient Solar Ponds", two colloquia presented at the Department of Physics and
College of Engineering, The University of Wyoming, Laramie, WY., Feb. 10, 1981.

"H™ in Strong Electric Fields: Experimental Results", one hour lecture at workshop "The
Physics of the H Ion", Los Alamos, NM, Nov. 12—13, 1981.

Talk and demonstration on solar ponds to students from Aztec Elementary School, Aztec,
New Mexico, May 7, 1982 (at UNM).

Colloquium: Institut fur Atomphysik, U. Innsbruck "Atomic Physics Near C," Oct. 7,
1982.

Lecture Series U. Innsbruck: 7 lectures "Photoelectric Processes in Simple Atoms," Fall
1982.

Lecture Series U. Innsbruck: 5 lectures "The Vector Potential and the Origin of Forces,"
Fall 1982.

Colloquium: Max~Planck—Institut fur Quanten Optik, Garching, West Germany, Dec. 8,
1982. "Experimental Spectroscopic Studies of the H Ion at Relativistic Velocities."

Lecture at the American Studies Seminar for Austrian University Students: "American
Society in a Changing World," organized by the Austrian—~American Educational

Commission (Fulbright Commission) "The Energy Crisis" Schloss Kassegg, Styria,
Austria, Nov. 17, 1982.

Colloquium for the Institut fur Experimental Physik, Canisianum, U, of Innsbruck,
Innsbruck, Austria, March 10, 1983, "Outdoor drifttube: the physics of the
salt—gradient solar pond."

Colloquium for the Physics Department, University of Kragujevac, Kragujevac,
Yugoslavia, March 31, 1983, "The origin of the electromagnetic force."

Colloquium for the Physics Department, University of Belgrade, Belgrade, Yugoslavia,
April 1, 1983, "Atomic Physics near the speed of light."

Colloquium for the Institut fur Experimental Physik, University of Freiburg, Germany,
April 23, 1983, "Atomic Physics near the speed of light."
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Seminar for the Physics Department at the Universite Degli Studi, Povo, Trient, Italy,
May 7, 1983, "Atomic Physics near the speed of light."

Seminar for Atomic Physics Institute, Orsay, Universite Paris—Sud, May 25, 1983,
"Atomic Physics near the speed of light."

Seminar for visiting engineers from Jordan (Royal Scientific Society, Jordan) at Physics
and Asﬁronomy building, UNM, Sept. 25, 1983, "The future for salt gradient solar
ponds.

Talk to Prof. Gross’s class ME 425: (visitors from U. of Khartoum, Sudan), Nov. 29, 1983,
"Salt Gradient Solar Ponds."

Colloquium for UNM Physics and Astronomy Department, March 2, 1984, "Atomic
Spectroscopy Near the Speed of Light".

Talk to Harvena Richter and Fred Strum’s, "Creative Principles in Arts and Sciences"
English 411/511, "Light and Color", March 20, 1984, UNM.

"Atomic Physics with Relativistic Beams" talk to Physics Division (1 hour), Los Alamos
National Lab, MP 215, Nov. 8, 1984.

Colloquium for UNM Physics and Astronomy Department, January 25, 1985 "Progress in
Understanding Simple Atoms".

Talk to "Lal Vida Llena" 10501 Lagrina de Oro, Albuquerque, Feb. 21, 985, 7 p.m., "The
Glory™".

30th Annual Faculty Research Lecture, April 1, 1985, Physics Lecture Hall, 8 p.m. "A
Physicist’s Journal: from the Glory to the Two—electron Ion".

"Physics with relativistic beams", Talk to Amer. Phys. Soc. SDI Study Committee
11:30—-12:00 May 24, 1985 at AT Div. Los Alamos National Lab, Los Alamos, N. M.
TA-53,MPF-§, Room 302.

Sandia Colloquium, Sandia National Laboratory, Albuquerque, N.M., 9—10 a.m. 13 Sept
1985, "Tweedle Dee and Tweedle Dum near the Speed of nght" (on film, transcript
also a,vaﬂable)

Seminar, Los Alamos National Laboratory, Conference Room TA3, Bldg. 215, Rm 281, 1
pm, July 16, 1986, "Photodetachment Study of H ions at Relativistic Velocities."
Colloquium, Dept. of Physics and Atmospheric Science, Drexel University, Philadelphia, 1

pm, May 4, 1987, Disque Hall, Room 12-919, "Experimental Verifications of Special
Relativity."

Bag Lunch Seminar, MP Division Auditorium, 12 noon June 8, 1987, "A New Test of
Special Relativity."

Seminar, "Relativity Tests at LAMPF" Rutherford Laboratory, Chilton, Didcot England
29 July 1987.
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Talk, "Photon Interactions with H™," Los Alamos National Lab, TA 35—1 :
"PM, Feb. 3, 1988, ’ ¢ T 357127, 4101, 2:80

Series of 5 Lectures given at The Los Alamos Summer School in Atomic Physics:
25-29, 1988: 10:30—12 UNM Campus, Los Alamos yeies: July

What good is relativity?

The Structure of the H™ Ion.

Photodetachment of H .
Effects of Fields: The Tale of Two Resonances.
The Atomic Interferometer and Beam Me Up, Scotty!

g0 o =

Colloquium, Dept. of Physics and JILA, University of Colorado. Bould
"Atomic Physics Near the Speed of Light." d © Boulder, GO, Oct 5, 1988,

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.




