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The University of New Mexico

Department of Physics and Astronomy
Albuquerque. NM 87131

(505) 277-2616

FAX: (505) 277-1520

e-mail: panda8(@ carina.unm.edu January 28, 1991

Dr. Neil V. Baggett

Program Advisory Committee, SSC
2550 Beckleymeade Avenue

Dallas, TX 75232

Dear Dr. Baggett,

This is a letter of intent to inform the PAC that we plan to submit a proposal at the
appropriate time to do atomic physics on the H™ Linac of the SSC. The subject of our work will
be the experimental study of structures in the H™ system.

We feel that it is essential that you be aware of the following three points:

1) The high-quality H™ beam at the Linac will offer a unique opportunity to study the
dynamics of the two electron system. The existence of a bound H™ ion as well as structures in
its continuum is entirely due to electron correlations; a study of these states is an important and
exciting field in atomic physics. The use of currently-available lasers and the relativistic Doppler
shift will allow us to access states far into the vacuum ultraviolet with very good precision.
Multiphoton techniques that we have recently developed at LAMPF will also be used. We
emphasize that fundamental atomic physics could well be the first resuits issuing from the SSC,
before the main rings are commissioned.

2) The colliding laser beam-H" beam technique seems to be one of the best, probably
the best, ways of monitoring the phase space of an H” beam. The experience and techniques we
have developed at LAMPF should benefit the consistent production of a high quality beam for
injection into the booster. We would like very much to be of assistance and hope that our help
would compensate for any distractions that an atomic physics experiment at the SSC Linac might
cause.

3) Time is of the essence. In order to do atomic physics and laser diagnostics on the
H" beam, appropriate access to the beam line must be provided. Retrofitting could be expensive
and unacceptable. Therefore it is important to make decisions on our proposal before the final
linac design solidifies.






I am attaching a copy of our proposal for funding for this work to the Texas National
Research Laboratory Commission (TNRL # 010), for your information. The names of other
proposal participants can be found on page 2 of the proposal.

We would appreciate any guidelines you can provide for the submission of a scientific
proposal.

Sincerely yours,

Howard C. Bryant
Professor of Physics

HCB:de

cc: Roy F. Schwitters, Director SSC
Edward C. Bingler, Executive Director, TNRLC
J. V. Martinez, DOE
Robert Diebold, DOE
Jerry Watson, SSC Linac Division
Don Edwards, SSC Linac Division
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I. EXECUTIVE SUMMARY

The first results from the SSC could well be major advances in fundamental atomic
physics, rather than in fundamental particles, simply because the linac accelerating H- up
to relativistic velocities will come on line about § years before two 20 TeV protons will
have close encounters of any kind. In its own way, a high quality, intense, beam of H- ions
with energies of the order of a GeV is just as unique in the physical world as is the beam of
ultra high energy protons being produced by the big ring. Both beams allow us to make
observations at the frontiers of human knowledge; in the linac case, the unique probes
available would allow us to open a new window on the one— and two—electron atom and, as
well, investigate the isotropy of space—time with precision in a rest frame moving near the
speed of light.

This proposal is asking for support to prepare for an optimum and intelligent use of
the H- beam. Thought must go into how atomic physics measurements could be made, for
example, using laser probes at the linac, and how one could make a high quality beam of
H* atoms prepared by photodetachment to be in a unique quantum state. Conversely,
equipment could be developed, using known atomic beam techniques, to monitor and tailor
the beam being injected into the ring structures. A cadre of scientists familiar with
relativistic atomic beam physics must be built up.

We therefore propose that the group centered at the University of New Mexico
presently working on relativistic atomic beam physics at LAMPF be strengthened and
given the wider mandate to prepare for the SSC linac. We are asking for support for
visitors from other institutions to come work with us on linac~related physics, and we are
asking for more support of the real future of this field, the post docs and students.

In addition to support for people, we request a relatively modest equipment budget
principally to acquire appropriate lasers, optics and high speed electronics for data

acquisition for first use at LAMPF and finally at the SSC. Insofar as it is appropriate, the-



UNM atomic physics group would participate in the outreach and other activities of the
New Mexico Center for Particle Physics, which is being proposed in a separate document.

The research program of our group at UNM is presently supported as follows:

$110,000/per year U.S. Department of Energy, Division of Chemical Sciences,
Office of Basic Energy Sciences, Office of Eneg Research
$ 12,813 /per year NSF (U.S.—Hungary Exchange)

Our group has been receiving an average of 3 or 4 weeks of machine time at LAMPF
per year as well as year—round access to LANL facilities including laboratory and office
space.

We are requesting support of $272,000 per year for the next five years from the
Texas Commission, to complement our current support and to expand our level of effort in
the direction of the SSC linac.

II. LIST OF PARTICIPATING SCIENTISTS AND INSTITUTIONAL AFFILIATIONS
1. Senior Scientists

As the atomic physics capabilities at the SSC are developed and recognised we
expect the group at UNM and our collaborators will grow. At this point, we list those who
are presently engaged in relativistic atomic beam work at LAMPF or who have expressed
strong interest in joining this effort (marked with *).

Experimentalists

Dr. H.C. Bryant, The University of New Mexico

Dr. J.B. Donahue, LANL

Dr. C.R. Quick, Jr. LANL

Dr. Stanley Cohen, LANL

Dr. Joe Tiee, LANL

Dr. W.W. Smith, The University of Connecticut
* Dr. J.E. Stewart, Western Washington University
* Dr. M. Lubell, City College of New York



Dr. K. Rozsa, Hungarian Academy of Sciences
Dr. H. Sharifian, Cal State Long Beach

Dr. R.A. Reeder, University of New Mexico

Theorists
Dr. Jack Mclver, University of New Mexico
Dr. Wilhelm Becker, University of New Mexico
Dr. Janos Bergou, Hunter College, CUNY, New York

Dr. Peter Kalman, Technical University, Budapest, Hungary

2. Graduate Students (UNM)
Experimental
Amir Mohagheghi (now post doc)
Chen Yau Tang
Monica Halka
Edward MacKerrow
Robert Pastel
Robert Giannelli

Theoretical

Steve Long
Li-E Li

[II. GENERAL BACKGROUND
The advent of the SSC machine is widely expected to give a strong impetus to high
energy particle physics in the U.S. What may not, however, have been recognized is that

the new facility could also mean a major advance for an emerging branch of atomic physics



involving the study of atoms and ions moving at near luminal velocities: high energy
atomic physics.

Since the late seventies!, work has been going on at the 800 MeV linear accelerator
(LAMPF) at Los Alamos using laser beams and other probes, such as strong fields and thin
foils, to study the structure and electromagnetic interactions of the simplest of atomic
systems H* and H- The basic idea is to take advantage of the relativistic kinematics of an
atom moving with a large 4 (at 800 MeV, v/c = 0.84) to Doppler—shift beams from
ordinary pulsed lasers into the vacuum ultraviolet, com;sponding to excitation energies of
the neutral hydrogen atom and its negative ion. Enormous electric fields can be induced in
the atom’s frame using modest laboratory magnets. Recently, continuously tunable,
intense beams from the CO; laser have been used to study for the first time multiphoton
processes in the H- ion.

To give a clearer idea of the power of relativistic kinematics in laser—ion beam
studies, consider the relativistic Doppler formula |

E=1E (1 + Bcos a).
Here the center—of—mass photon energy, E, is given in terms of its laboratory energy E,
with a being the angle between the laser beam and the particle beam, such that for
head—on collisions a=0. At 800 MeV, since y=1.853 and (=.842, one can continuously
tune a fixed—frequency laser through the range
0.29 EL <E=<34 EL.
Furthermore the laser intensity, I, in the center of mass (Watts/cm?) is related to
the lab intensity, IL, by the square of the Doppler factor. That is,
| I =9%1 + fcos a)? I,
so that one can get an intensity gain at a=0 of 11.65!
Finally, the barycentric electric field E produced by a transverse laboratory

magnetic field B is given, in S.I. units, by
E = v6c B,



so that a 1 Tesla lab field can result in a center of mass electric field of 4.7 MV /cm.

Before the development of relativistic beam techniques, the resonance structure of
the H- ion in the vacuum ultraviolet was essentially unknown except for a few
electron—hydrogen scattering measurements. With our new methods we were able to
demonstrate a rich structure of doubly—excited resonances in H- and to study their
behavior in electric and magnetic fields. We were also able to do similar studies on the
low-lying states of H*. Precision checks on the isotropy of space—time are also possible
using our technique.

In this proposal we are asking for support to increase our present level of effort to
allow us to participate in the planning of the SSC linac facility and to gear up for state of
the art experiments in the atomic beam at the SSC. The work already done and being
planned for LAMPF may be regarded as prelude to the eventual flowering of ‘these
endeavors at the SSC, with the help of a strong group in high energy atomic physics at the

University of New Mexico.

IV. PROJECT DESCRIPTION
1. Diagnostics, Monitoring and Tailoring for the H- Linac at the SSC

The use of lasers to probe relativistic atomic beams, developed at LAMPF over the
past twelve years, can be applied to the diagnosis, monitoring, and tailoring of the H- linac
beam at the SSC. The basic idea is to direct a laser beam at the H- beam so that its
Doppler—shifted frequency is centered on a well-defined feature in the absorption
spectrum. This feature could be the well-known Feshbach resonance in H- , for example,
at an excitation energy of 10.926 eV, whose intrinsic width is some 30 microvolts, or it
could be a hydrogen resonance line excited by a 2—step process in which the H- is first
photodetached using a precursor infrared beam and the ground—state H* is then excited.
Even a three—step process might be contemplated, in which the complication of 3 separate

laser beams might be exchanged for higher resolution and more convenient laboratory wave



lengths as well as a higher signal-to—noise ratio. By selective photodetachment or
excitation, small regions of the overall phase space could be studied.
The energy resolution in the center of mass of a system moving at fc in a beam

whose momentum dispersion is 6p/p, and where the rms angular uncertainty is da, is given

T (%) + (itns) oo (g (')

Let us assume now for example that the laboratory energy resolution of the laser line is

by

negligibly narrow, so that E /E, - 0, and that we are exciting the 1p Feshbach resonance
at 10.926 eV just below the threshold for ¥ + H-~ H*(2) + e. By using a fixed—frequency
laser, the observed angular width of the resonance would reflect both the angular
uncertainty fa and the momentum spread ép/p of the beam. At LAMPF §a can be as low
as 10 microradians and ép/p about 10-4.

If it were possible to operate near cos @ = — (the "magic angle"), sensitivity to
ép/p would disappear.
If it were possible to operate near a = 0, sensitivity to da would disappear.3

If we wished to monitor both variables at once we would have to use one of the
hydrogen lines, by first photodetaching (to either the ground state or an excited state) and
then exciting the line. The use of such a technique is described in a publication of our
group.4

In Figure 1 we show as an example the laboratory intersection angle a required to
excite the Feshbach resonance below n=2 in H- using garden—variety pulsed lasers. The
use of pulsed lasers gives a large signal to noise ratio. The availability of a tunable laser in
the lab with sufficient intensity would be a great boon for this work because it would allow
for continuous monitoring. A uv laser that could operate essentially CW while the H-
beam were present for example is a hollow cathode Cu¥ laser which would offer unique

possibilities: 1) Several uv lines together very near to the 4th YAG line (259.06, 259.90
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Anile of excitation of the Feshbach resonance at 10.926 eV as a function of
H- kinetic energy for several "garden—variety" laser lines of high intensity.
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and 260.03 nm) would allow step—wise tuning. 2) Single mode operation with 10—-15 MHz
FWHM. 3) A long laser pulse that overlaps the beam pulse. 4) The excellent beam
quality of the CW gas laser. On the other hand, no commercial model of such a laser has
been made. Research is going on to develop such a laser in the framework of the
NSF-Hungarian Academy of Sciences cooperation (Karoly Rdzsa). The feasibility of such
a laser for the SSC should be investigated.

In order to permit flexibility in monitoring the linac beam as it is accelerated one
should contemplate the provision of space between accelerating sections to insert laser
beams with precision optics so that the angle a may be altered at will with high resolution.
The resulting electrons could be bent out of the beam at any point into a detector with a
weak magnetic field. By operating near 90° and focusing the laser beam with a cylindrical
lens in the transverse direction, one could examine separately éman subs:ts of the larger
diameter beam. Also one could monochromatize by photodetaching only those ions within
a prescribed momentum bite.

We believe these techniques are quite promising and powerful. There are also many
variations that could be studied to find the optimum arrangement for a given application.
Therefore, at this point, it is important to design the space around the linear accelerator in
such a way as to allow laser access to it. Equipment we are developing for use at LAMPF
could be transferred over to experiments at the SSC linac.

Further development of appropriate laser systems would also be called for.

2. Atomic Physics Research

In addition to the dianostics and other applications described above, it appears that
unique basic atomic physics could also be performed at the SSC linac. Among the reasons
why such work is so exciting, we can list

. A much more intense (milli— rather than pico—amps!), better quality beam

with possibly a higher kinetic energy than the LAMPF beam (800 MeV).

Even at 600 MeV, the beam would be very attractive.



. A chance to develop an atomic physics facility from scratch rather than
retrofitting it to an existing accelerator where compromises must be made, as
was the case at LAMPF. With very little additional cost in the initial stages
atomic physics experimental space and facilities can be accommodated,
which later on would be extremely expensive to build into the system.

. More visibility and support both technically and financially, since it would
be part of a "flagship of American science".

Of course, in the study of something as rich in phénomena as atomic physics, many
new and unexpected ideas will undoubtedly arise, but we can only plan based on what we
already know. Therefore we sketch below some of the kinds of physics one could do using
the H- beam at the SSC.

a) High Resolution Spectroscopy of H- _

RJecently1 we have been able to study the highly correlated, doubly—excited states

in H- by first exciting them through the process

y+H--H**~H'(n) +e,
with subsequent motional field stripping of H*(n) in an appropriately—hosen magnetic
field. A dissertation written on this work won the Louis Rosen prize for the best done at
LAILiPF in the past year5. The cases for which n = 4,5,6 and 7 were studied. See Fig. 2.
‘With better signal—to—noise, the levels studied could be pushed up to much higher n’s so
that the systematics could be established. We could achieve a much clearer signal by
introducing a second laser beam, rather than the stripping field, to label the final H* state,
through, for example, its promotion to a higher n state, which could be unambiguously
identified in an electron spectrometer e.g.
v+ H*(n) - H*(12).

We demonstrated a "proof—of—principle" for this technique in a short experimental

run at LAMPF in August 1990 (unpublished). And we obtained interesting data on the

n=2 channel in a run October 3—11, 1990.
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By the application of external fields to the interaction region or by multiphoton

excitation, a thorough picture of the resonance structure of H- could be mapped out.

b) Multiphoton Studies

Currently our experimental program includes the study of multiphoton detachment
of H- using a CO, laser beam. Preliminary results are already a.va.ilable,6 and work is
continuing. With the CO, beam, with a lab photon energy of 0.117 eV, at 1000 MeV we
should be able to study detachment with photon numbers ranging from 2 to 24.

Because of the fundamental simplicity of the atomic system involved, along with the
interesting complication of 2 electrons, these measurements merit precision work, for which
conditions such as laser intensity and focal spot are carefully controlled.

This work is likely to continue to excite high interest for many years.

c) Strong—field effects

Our studies of H- in strong electric fields have yielded surpn'ses7 and such work
should continue. A near—luminal H- ion moving through a modest laboratory magnetic
field experiences enormous electric fields in its barycentric frame yet is essentially
undeflected because of its high magnetic rigidity.

d) Passage through thin foils and channeling

A recent Ph.D. disserta.tion8 in our group was written on the study of the excitation
of H*(n) by the passage of H- through carbon foils ranging in thickness from 20 pg/cm?2 to
300 ug/cm2. In this case the foil delivers an intense perturbation to the H- ion for times of
the ordef of a femtosecond.

Further studies are contemplated9 using very thin oriented crystals of Si or sapphire
(A1,0,) in which channeling may be expected to occur for intact atomic systems. Such

work may have practical applications.
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e) Searches for a preferred frame

Tests of special relativity based on the exquisitely well-known energy levels of
atomic hydrogen can be contemplated for a high quality 1000 MeV H- beam. At LAMPF
we have checked the Doppler formula to the 36th power of ﬂ.lo Conditions for such tests

would be unique for the SSC.

3. Program

Our research plan for the next five years has two main components:

A) Collaboration with SSC linac personnel in the design and testing of laser—based
diagnostic and experimental atomic beam facilities.

B) Continued experimental and theoretical work in basic atomic beam physics
both at LAMPF and in our laboratories on the UNM campus.

The level of effort required for the work at the SSC site depends on the needs of the
linac personneal,2 with whom only preliminary contact has been made. However, we believe
our experience at LAMPF could be quite useful, and that the experiments developed at
LAMPF could be transferred to the SSC and performed with significantly higher precision.
We therefore anticipate that over the years there will be considerable travel of faculty and
students between Albuquerque and Dallas. If a viable atomic physics facility is to be
prepared at the SSC, planning must begin immediately. As our experience at LAMPF has
shown, the retrofitting of experimental layouts to beam lines is expensive, and unfortunate
compromises may have to be made.

The crystal ball is much less cloudy concerning continued experimental work at
LAMPF. The present lines of research outlined above could profitably be followed for
many more years. In particular we are enthusiastic about the new physics one can learn
from multiphoton interactions with H- and H*. A very intriguing branch of the

multiphoton work is the study of the channeling of atoms through thin crystals. We will
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submit a proposal to the LAMPF PAC for beam prepared by photodetaching H- which
could be used for such channeling measurements.

On campus we propose to continue the development of an experiment to look for
optical harmonics generated from a dense H- beam by a high—powered TEA CO; laser.
The source of H- is a surface source we have acquired and are refurbishing from Los Alamos
and the CO, laser is a gift from the Sandia National Laboratory. We are presently

exploring the spectra of laser—induced sparks in hydrogen gas.

4. Staffing

With the help of the Texas Commission we plan to add a post doctoral research
associate, a technician and three graduate studemts to our group. To facilitate
collaboration with other universities and research institutes, we plan to have a regular
visitor as well. Funding is also requested for summer internships for undergraduates and
secretarial help. A longer term goal (two year time scale) is to add another faculty person

in this field.

5. Education

Our principal missions at the University of New Mexico are education and research,
and in the atomic beam work these two mesh neatly together. So far 8 students have
received Ph.D.’s for their work with us on atomic physics at LAMPF and 4 more are in
the pipeline. With the help of the Texas Commission more students will be able to

participate in these studies.
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VI. STATEMENT CONCERNING MATCHING FUNDS

The University of New Mexico will share the first year costs of this proposal as

follows:

One—third released time for Professor Bryant during

academic year @ $65,000/9 months $ 21,667

One-half stipend(s) for visitor(s) 17,500

One-half FTE secretarial—clerical 9,203

One-half stipend for three graduate students for 12 months

@12,000 v 18,000

Tuition for 3 graduate students assumed to be

non—resident ©$2,488 7,464

Travel ' 4,166
Total $ 78,000

A as}milat matching of funding will be available for subsequent years of the successful
proposal.
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VII. DESCRIPTION AND JUSTIFICATION OF MAJOR ITEMS OF EQUIPMENT
1. Major Equipment for the first three years
First Year

GCR-3-30 High Power Scientific Pulsed
Nd:YAG Laser, 750 mJ at 1064 am

Diffraction coupled output (30 Hz) $ 62,500
HG-2C High Efficiency Harmonic Generator,

An%le Tuned and Temperature

Stabilized with SHG Type II,

THG, and FHG KD*P Crystals 7,200
PHS—1F Spectrally pure separation of -

Harmonics (includes PB—2 Prism)

for use with all Harmonics 8,200
Model Injection seeder providing
6300 transform—limited pulses 21,000

Total $ 98,900

Second Year
PDL-3 Broadly tunable, high efficiency
Nd:YAG pumped dye laser, up to
30% conversion efficiency (includes
oscillator and amplifier, TSC-2 dye

circulator .07 cm-!line width) 29,925
MCI-2 RS232 Interface for Computer

Controlling of Dye Scanning Motor 2,700
PRA-1 Preamplifier Assembly for higher

efficiency with UV pumped and IR dyes 1,950
RS-1 Extremely wide range Raman Shifter 8,800
WEX-1D Wavelength extension system for

difference frequency mixing to produce

wavelengths between 1500 and 4500 nm 29,000

High speed electronics and optical
components 13,970

Total § 86,315
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Third Year ‘
TEA-840/1 CO4 Lasser, 10 pps ©3.5 J. Line
tuned (capable of operation at up
to 50 pps with reduced energy) 36,000

Line tuning optics set for TEA—840 laser. Includes
multimode output coupler, wavelength
tuning attachment, cavity extension and

master diffraction grating. 10,000
CO, unstable resonator output coupler 1,200
RAL 20/106(4) 20 bit hollow shaft angular encoder
RMS error 1.4 arc sec 29,140
Total 776,340

2. Justification
The Need for a Better Laser System

Relativistic atomic beam work at LAMPF was strengthened greatly in 1987 by the
completion of HIRAB (High Resolution Atomic Beam) facility, a dedicated experimental
area, built to receive a specially—designed low—divergence H- beam. This area, with its
world—class beam line, was made possible by the requirements of SDI, but now is available
for work of more general interest. We are anxious to put this beam to scientific use by
continuing our studies of both H- and H* atoms in strong fields, taking advantage of the
unique possibilities present when the ion velocity is near that of light. Most of our work in
earlier years has been done using first a DCR1 and then a DCR2 laser, with considzrable
success. Our present request for a GCR3 laser ("DC" stands for "diffraction—couplez” and
"GC" stands for "Gaussian—coupled"), the state of the art, seems to be a reasonabie and
conservative upgrade in our laser facility to match the upgrade of the laboratory, which,
incidentally included the replacement of our PDP11 by a MicroVax for data acquisition.
We know that we were able to get good data with the DCR2; thus, we expect that we will
get even better data ("better" means more reproducible, with smaller systematic effects

and over a larger range of photon energies) with the GCR3 system, which will also allow us
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to take data at least 3 times faster since its repetition rate is 30 rather than 10 pps, the
repetition rate of our DCR2. Taking data faster means that the statistical uncertainties
can be reduced. The LAMPF accelerator produces macropulses at the rate of 120 Hz. The
dye laser which can be pumped by the CGR3 gives us for the first time the opportunity to
sit at a constant angle (normally this would be the "magic" or "Doppler—free" angle where
to first order the energy resolution does not depend on the momentum spread Ap/p) and
tune through a wavelength range. This option would be especially valuable in making a
high resolution study of the magnetic substates produced in H* ’s emerging from a thin
stripper foil, and for the examination of final states of the decay of doubly excited H-**
following laser excitation.

The CO, laser component of our laser system would vastly improve our ability to do
multiphoton studies and would also be very helpful in examining final state hydrogen

levels.

More Details

In order to demonstrate more clearly the need for the new laser system, let us
consider as an example one of our proposed experiments in more detail;-namely, the study
of the photoproduction and decay modes of high-lying doubly—excited resonances in the
H- To be specific, let us consider the simplest case in which the resonance is excited by a
single photon. Kinematically, the decay modes can include photon emission to lower—lying
resonances or the ground state, presumably rare, and, much more often, the decay into
various states of hydrogen plus an electron. This study would require two pulsed laser
beams crossing at well-defined and measured angles (using our proposed encoder as well as
our present one), with the H- beam. The relative timing would have to be good to a few
nanoseconds which would be no problem if both beams were derived from the GCR3
system. The use of the CO; laser beam of pulse duration of 100 ns and jitter of 15 ns is

also feasible. One would wish to examine many cases, extending to as high an energy as
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possible, in order to establish the systematics and the behavior as one approaches the two
electron continuum.

The excitation of H** would be by use of the 4th harmonic of the YAG on an 800
MeV beam which would allow the production of states approaching the two—electron
threshold at 14.35 eV. At a short distance downstream from the production point, the
beam would be probed with a second laser beam to determine the hydrogenic states
produced in the decay. The idea here, for example, would be to promote lower hydrogenic
states to n=11. The resulting H*(11) would be selectively ionized and its electron detected

in a down stream magnetic spectrometer. One therefore has

y(first beam) + H- - H**, (1)
followed by autoionization,
H**-H'(n) + e (2)
followed by
v(second beam) + H*(n) - H*(11), (3)
followed by
H*(11) + motional electric field - p + e, (4)
and
e + scintillator - signal. (3)

Because of the large energies, processes 4 and 5 have essentially 100% efficiency. Since the
cross section for process 3 is known very well, the branching ratio for process 2 can be
determined. The yield from process 3 as a function of the angle of the first laser beam
determines both the energy and the width of the resonance being produced in process 1.
Let us consider an H** resonance whose energy exceeds that of H*(9) + e. From Table 1
below, one can see that in order to cover the range of n from 1 to 9 for process 3, we would

have to use both the YAG 1st and 4th and a CO; laser.
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Table 1. Probes for hydrogen state. below n=190.

Transition Intersection
Decay State Energy (eV) Laser Beam angle (degs.)
H* (1) 13.492 YAG 4th 47.9
2 3.289 YAG 1st 50.8°
3 1.399 114.5
4 0.738 141.3
5 0.4317 161.7
6 0.2654 CO,10.6u 73.7
7 0.1652 105.9
8 0.1001 129.4
9 0.0555 151.8

To compare data-taking rates between the present and proposed laser systems,
see Table 2 below.

Table 2. Data Rates

Data Set Present Proposed Ratio
1sngs 10 Hz 30 Hz 3
6 Sns 9 0.5 Hz 10 Hz 20

STATEMENT OF CURRENT AND PENDING SUPPORT

Work on the atomic physics of the H- ion has been funded at UNM by the DOE
since 1977 in the amount $1,307,041. In addition, LANL provided UNM with a contract
of §377,309 for related beam—sensing work relevant to SDI neutral beam concerns. We
received a grant of $2,000 from the NSF to support a workshop on the H- in January 1989
and we have currently in force a grant of $38,438 to support collaboration between UNM
and the ﬁunga.ria.n Academy of Sciences to work on the H- project.

Our current grants are
U.S. DOE, Division of Chemical Sciences, Office of Basic Energy Sciences, Office of Energy
Research  $330,000 covering period 2/1/90 — 1/31/93 '
NSF 38,438 covering period 5/15/89 — 10/31/92

Pending: None other than this proposal.
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and Pub. L 34-482), Secucn 504 of (e Renaciitation Act of 1973 (Pub. L 93-112), the Age
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BIOGRAPHICAL SKETCH

Howard Carnes Bryant
Born: July 9, 1933, Fresno, California
Married: Mona Jordan, 1960
Children: Matthew, Clifford and Susannah
Education:
Public Schools, California and Mississippi
B.A. University of California, Berkeley, 1955 ($/x)

M.S. University of Michigan, Ann Arbor, 1957
Ph.D. University of Michigan, Ann Arbor, 1960

Foreign Languages:
Spanish, German and French (reading).

Positions Held:
Professor of Physics, The University of New Mexico, 1971—present.

Fulbright Guest Professor, Institut fur Atomphysik, Universitat Innsbruck, Austria,
1982-1983. :

Science Research Council Senior Visiting Research Fellow, Queen Mary College,
University of London and the Rutherford Laboratory, 1975—1976.

Consultant: Los Alamos National Laboratory, 1961—present.

Staff Member, Stanford Linear Accelerator Center, Stanford, California, 1967—1969.
Associate Professor, the University of New Mexico, 1965—1971.

Assistant Professor, the University of New Mexico, 1960—1965.

' Professional Organizations:
American Physical Society (Fellow, 1980)
Optical Society of America
American Association of Physics Teachers
Areas of Specialization:

Atomic Physics, Optics, Elementary Particles and Solar Energy.



Research Contracts and Grants:
Sandia Corporation

#53-2290 7/64—6/65 $14,296
#53-2200 7/65-6/66 315,297
#53-4757 7/66—6/67 $17,933

New Mexico Water Resources Research Institute
OWRR-A—014 7/67-6/68 $ 8,340

National Science Foundation
GP20197 9/61—10/72 $19,800

Energy Research and Development Administration (ERDA)
(with B.D. Dieterle, C.P. Leavitt, and D.M. Wolfe)
E(29-2)-3347 7/73-12/76 $320,228

New Mexico State Board of Education and Finance
BEF-161 7/75—9/76 $19,897

New Mexico Energy Institute
ERB-76-202 9/76-1/77 $10,000

Department of Eneréy
DE-ASO4-77CS33977 4/77—6/81 : $155,952

Department of Energy
DE-ASO4-77ERO3998 6/77—11/86 $747,041

New Mexico Energy Research and Development Institute
2-73—4102 8/84-9/86 $ 23,470

Los Alamos National Laboratory
"Resonant Absorption Beam Sensing Techniques,"
8/18/86— 9/30/89 $377,309

Department of Energy Grant
DE-FGO—87ERBT746 7/20/87—1/31/90 $230,000

National Science Foundation
"U.S. — Hungary Research on Relativistic H-Beam Interaction
with External Fields and Matter (Physics)".
5/15/89 —10/31/92 $ 38,438

National Science Foundation
"H- Summit Meeting: Albuquerque, NM; January 1990
(Physics)" [PHY—9000 942]
1/1/90 = 12/31/90 $ 2,000

Department of Energy
DE-FG 0487 AL 13746, Amd. No. A003
"Relativistic Atomic Beam Spectroscopy II"
2/1/90 — 1/31/93 $330,000
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"Direct Proof of 01 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. Trlling, 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 Angstrom’s Method," Am. J. Phys. 31, 325 (1963).

"(He3,n) Reactions on Various Light Nuclei," Nuclear Physics, 53, pp. 97112 (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. 36, 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 1r+p Backward Scattering," Phys. Rev. 186, 1488 (1969).
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"Muon—Proton Inelastic Scattering, |q2| less than 1.2 (GeV/c)2," 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. -
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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 9Be, 12C, and 27A1 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.
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"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,

;{V Ié: Hzmm, R. W. Hamm, H. C. Bryant, K. B. Butterfield, D. A. Clark, C. A. Frost, W.
. Smith.

"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 Society, "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 12-14, 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
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Appendix 3
Existing Facilities

On the UNM campus our group has two large general purpose laboratories and a
class 100 laminar down—flow clean room. The department has a well-equipped machine
shop with three machinists.

At LAMPF we have been allocated adequate office space for at least 6 people, and
we are the sole users of the High Resolution Atomic Beam (HIRAB) facility, a dedicated
experimental area built to receive a specially—designed low—divergence H- beam.
Laser—ion beam studies are performed on a 4—foot thick isolation slab embedded in the
floor along the beam line. The heart of our data acquisition system is a microvax
computer. At present we have 2 CO, lasers, 1 DCR2 YAG laser, 1 DCR1 YAG laser, and
a Lambda Physik excimer laser system. The YAG lasers as well as the CO-.» lasers need to
be upgraded to higher rep rate and power. The DCRI laser is presently inoperable, having
been cannibalized for parts for the DCR2. The DCR2, in view of its age and infirmities, is

marginal for use in long accelerator runs.



