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We describe a proof-of-principle experiment demonstrating a technique for efficiently enriching many stable iso-

topes in a scalable manner [1]. Over the past century a large number of enriched isotopes have become available,

thanks largely to electromagnetic separators called calutrons that were developed during World War II. These isotopes

have found applications across an array of fields including medicine, basic science, and energy. Due to substantial

maintenance and operating costs, the United States decommissioned the last of its calutrons in 1998, leading to de-

mand for alternative methods of isotope separation. Our experiment suggests a viable alternative for replenishing

stockpiles previously provided by calutrons.

Figure 1: Schematic of our proof-of-principle experiment. (a) Lithium metal is first
heated in a crucible to a vapor pressure of close to 1 Pa. (b) Li-6 atoms in the
resulting effusive beam are pumped into the 2S1/2, F = 1/2 ground state. (c) The
atomic beam then enters a 1.5 m long array of permanent magnets arranged in a
Halbach configuration. The array obstructs line-of-sight from beyond the magnets
to the source, blocking optically pumped Li-6 atoms while deflecting a fraction of
low-field seeking Li-7 atoms to a collection plane beyond the magnets.

Our apparatus, outlined in Figure 1, combines opti-

cal pumping with a scalable magnetic field gradient to

enrich Li-7 from a lithium atomic beam. Li-6 atoms

evaporated from lithium metal feedstock are first opti-

cally pumped into the entirely high-field seeking 2S1/2,

F = 1/2 ground state. The resultant beam then enters

a magnetic field gradient produced by a 1.5 m long ar-

ray of rare-earth permanent magnets bent over its length

by 20 mrad. This geometry prevents high-field seek-

ing lithium atoms from reaching the plane beyond the

magnets, while efficiently deflecting low-field seeking

atoms.

Using enriched Li-6 as our feedstock for enhanced

sensitivity, we have observed nearly complete suppres-

sion of Li-6 throughput at source temperatures up to

600 ◦C and over a range of laser powers. We likewise

confirmed that the magnet array deflects a substantial

fraction of low-field seeking Li-7 atoms. Scaling the ap-

paratus geometry by adding arrays and extending their

height should allow for many grams of material to be

enriched per year. More recent work has investigated enrichment and efficiency at higher source temperatures.

Via further analysis we have thus far outlined schemes for applying these principles to over half of the stable iso-

topes in the periodic table. Notable examples include Mo-100 (a precursor to Tc-99m, a widely used radioisotope used

in medical diagnostics), Hg-196 (which could assist in improving fluorescent lighting efficiency), and Nd-150 (one

of many candidates for observing neutrinoless double beta decay). Requiring low laser powers and using inexpensive

permanent magnets, our approach presents a low energy (and cost) means for enriching stable isotopes.

[1] T.R. Mazur, B. Klappauf, M.G. Raizen. Submitted for publication, 2013.
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