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A Proposal to Investigate Isotope Enrichment Occurring in Laser-Ablation Plumes

Harry J. Dewey, CST-1, and John L. Lyman, CST-6

A paper recently appeared in Physical Review Lettersl that may have considerable significance to the
laboratory and to the nuclear weapons programs. Researchers at the Center for Ultrafast Optical Science of
University of Michigan found (accidentally) that material ablated with a femtosecond laser pulse produced
isotonically enriched deposited products. The material deposited from the center of the plume was enriched
in the light isotopes and that on the edges was enriched in the heavy isotopes. The effect was discovered
when the researchers were producing thin films of boron nitride by laser ablation. The B1°/Bll ratio at the
center of the plume increased by more than a factor of two. In separate experiments with gallium nitride the
Gahg/Ga71ratio also increased by about the same amount. Their proposed explanation for the effect is based
on plasma centrifuge theory where the rotation is produced by the magnetic fields produced by separation
and motion of the electrons and ions in the plume.

This is a significant new discovery that the laboratory should investigate and utilize. It has the potential for
isotope enrichment for heavy elements like plutonium and other actinides. The observation is now in the
open literature. This raises nonproliferation concerns if the technique can be applied to actinides. The
application to actinides also opens opportunities for use in nuclear weapons research.

The experiments reported in the PRL paper used a Ti:Sapphire laser, which produced 150 to 200 fs laser
pulses 10 Hz with a fluence per pulse of 50 J/cm2 at a wavelength of 780 nm. The power on the surface was
2.5x1014W/cm2. In addition to depositing the ablated material as a film the researchers also sampled the
center of the plume with a time-of-flight mass spectrometer and found that both boron and gallium were
enriched to about the same factor of two in the light isotopes even though the laser energy for the gallium
experiments was substantially less. If the mechanism for enrichment is really formation of a plasma
centrifuge in the plume, then the enrichment will depend on absolute mass difference rather than fractional
difference. This means that enrichment factors for even heavier elements would be similar.

In what maybe a related phenomenon, researchers at the Max Planck Institute for Quantum Optics
discovered that laser ionization of gases in an electric field with femtosecond lasers produced significant
isotope separation of heavy elements (xenon). This work is not yet published. One of the researchers, H.
Schroeder, contacted one of us (JLL) and requested an evaluation of the phenomenon by the esteemed Los
Alamos National Laboratory.

The researchers at the University of Michigan did not report any investigation of

1. The necessity of the short laser pulse.
2. The amount of material ablated per pulse. OCl~42000

3. The effect of laser wavelength on enrichment and yield.
4. The role of other species in the plume. C?STI
5. Any application to heavier elements.

We suggest an investigation at Los Alamos of these questions. We can discuss more specific programmatic
drivers for the research in a secure area. The Ti:Sapphire lasers cost under $300k, but several are available
at the laborato~ in CST-6, B-2, and MST-10.

The cost of such a research program for one year would be $300k. About half of this would be for Harry
Dewey and the remainder for John Lyman and others who would be involved in the experiments.

Our division director, Al Sattelberger, and our individual group leaders all support this investigation.

At a recent meeting of the Los Alamos Fellows you spoke and mentioned that you were concerned that
people in the laboratory were not “beating down your door” with new research ideas. We hope that this
idea is one that will get a positive response.

1. Pronko, P. P.; VanRompay, P. A.; Zhang, Z.; Nees, J. A., “Isotope enrichment in laser-ablation
plumes and commensurately deposited thin films.” Phys. Rev. Lett. (1999), 83(13), 2596-2599.

2. Schroeder, H.; Uiterwaal, C. J. G. J.; Kompa, K.-L., “On the sharing of space charge energy
between neighboring mass peaks in time-of-flight mass spectrometersfl Europhys. Lett. (submitted
for publication.)
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SUBJECT: Internal Workshop on Unconventional Proliferation Risks
March 7, 2000; 8:00 am -5:00 pm

TO: John Lyman

You are invited to participate in a lab-wide exploration of the proliferation risk posed by unconventional fissile material

production technologies and/or unconventional source material. This is a cross-disciplinary endeavor supporting Los

Alamos National Laboratory’s national security and nonproliferation missions. LANL’s NM Division is sponsoring an

internal Unconventional Proliferation Risk Workshop to be held Tuesday March 7, 2000. The workshop format will be

informal roundtable discussions of the related topic areas listed in the attached workshop schedule. We feel you can make a

significant contribution to this new initiative; we hope you will be able to participate.

Efforts are underway to map recent advances in nuclear technologies against production feasibility, proliferator motivations

and capabilities, detectability and weaponization in order to gauge the proliferation risk posed by these technologies. Our

workshop is intended to contribute to these efforts, and allow LANL to pursue a rigorous risk assessment in this area. The

workshop is organized around a number of key technical and political issues. A small number of discussants will lead the

seetion on each substantive topic. All workshop participants are asked to consider key factors in their area of expertise

relevant to unconventional proliferation risk and to participate in all the discussions. The workshop is designed to be

educational, producing a common understanding among participants while identifying developmental areas for an integrated

program. We will send background materials for your review and preparation within the coming week.

We think you will find the workshop intriguing and we encourage you to attend. Please RSVP to Lisa Hale as soon as

possible.

Looking forward to hearing from you,

LhxuL
I&a E. Hale
lhale@lanl.~ov

And the focus group members: Kent Abney, Maurice Bryson, Kory Budlong-Sylvester, Ed Garcia, Lisa Hale, Mark
McCleskey, Joe Pilat, Tom Robison, Norman Schroeder, Sara Scott, Barbara Smith, and Laura Worl.
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