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STEM Degrees: STEM Participants:

Major Goals: The goal of this grant is to acquire equipment needed to produce the first-ever Bose-Einstein
condensate (BEC) of polar molecules, specifically SrF molecules. The proposed equipment would be integrated
into an existing system where SrF molecules have been laser cooled and magneto-optically trapped. The specific
new subsystems will consist of additional ultra-high vacuum chambers, a magnetic guide for SrF, various optics
and equipment to produce co-located magneto-optical and magnetic traps of these species, a high-power laser to
provide optical-dipole trapping of both species, an absorption imaging camera to measure the temperature and
density of each species, and a new laser needed to more efficiently load SrF into our traps.

These new subsystems will be used to transfer SrF molecules into conservative magnetic and optical traps, and to
co-trap them with ultracold Rb atoms to investigate the possibility to use Rb atoms to sympathetically cool SrF to
form a BEC.

Accomplishments: We successfully acquired and installed equipment needed to produce a Bose-Einstein
condensate of polar SrF molecules. In particular:

1. We acquired and installed electronic equipment (some custom-built for our needs), additional optics, new data
acquisition and control systems, a new camera and imaging optics, and new vacuum parts, as needed to create a
conservative magnetic trap and load it from our existing magneto-optical trap (MOT) of SrF.

2. We acquired and installed all necessary equipment (vacuum parts, atom sources, lasers and optics, electronics,
custom mounting fixtures, etc.) to produce a 2D MOT that can be used to deliver slow Rb atoms to the SrF trapping
region, where they can be co-trapped.

3. We acquired necessary vacuum parts to integrate the Rb 2D MOT with the SrF trapping apparatus, and acquired
and installed new optics for creating overlapping traps of both species.

4. We acquired and installed a new laser system to form a conservative optical trap for both SrF and Rb.

5. We acquired a new high power RF amplifier to enable tighter compression of molecules in our magneto-optic
trap.

Some new developments in the field shifted our approach to certain scientific goals slightly, but our spending
matched very closely with the original budget.

These new systems enabled us to demonstrate conservative magnetic trapping and compression of ultracold SrF
molecules, and paved the way for further advances in these techniques over the coming years.
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Training Opportunities: This grant was entirely for equipment acquisition and did not directly provide
opportunities for training.

However, the equipment was used in concurrent projects by 3 Ph.D. students and 1 postdoctoral associate in
physics. This sort of research exposes young researchers to a vast array of scientific methods and concepts. They
develop extensive skills and experience in areas such as instrumentation design and assembly; numerical
simulation and analysis; electronics design, construction and testing; computer-based data acquisition and
analysis; laser, optical, and electro-optical operation and design; microwave and RF techniques; vacuum, gas
handling and cryogenics; etc.

Results Dissemination: Because this was purely a grant for equipment acquisition, no dissemination of results
was appropriate.

However, the results from concurrent projects enabled by this equipment were reported in one peer-reviewed
article in Physical Review Letters, 3 contributed posters at APS DAMOP and Gordon Conference on Atomic
Physics, and many invited talks by the Pl and postdoc at 2 major conferences and 3 departmental colloquia and
seminars.
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