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STEM Degrees: 0 STEM Participants: 2

Major Goals: The Scanning Quantum Cryogenic Atom Microscope (SQCRAMSscope) is a quantum sensor in
which a quasi-1D quantum gas images electromagnetic fields emitted from a nearby sample.

Project Goal of STIR: Our program seeks to apply the novel capabilities of our new quantum sensor, the
SQCRAMSscope, to the imaging of nonlocal transport in quantum materials.

Challenge: Use quantum gases to perform best imaging of magnetic fields near materials.

Our Approach: The SQCRAMscope, Scanning Quantum Cryogenic Atom Microscope, uses an atomic Bose-
Einstein condensate (BEC) for cryogenic vector-resolved scanning probe microscopy of magnetic fields. It has the
demonstrated capability of imaging transport in cryogenically cooled solid-state samples.

Accomplishments: We accomplished two main tasks. 1) We imaged the spatial distribution of nematic ordering
versus temperature in an iron-based superconductor for the first time. This establishes the SQCRAMscope as a
new method for characterizing technologically relevant materials. This work was published in Nature Physics in
2020. 2) We also improved the capabilities of the SQCRAMscope. Cryogen usage is reduced by replacing the
liquid cryostat with a closed-cycle system and modified cold finger, and cryogenic cooling is enhanced by adding a
radiation shield. The minimum accessible sample temperature is reduced from 35 K to 5.8 K while maintaining low
sample vibrations. A new sample mount is easier to exchange, and quantum gas preparation is streamlined. This
paper is under review in SciPost Physics.

Training Opportunities: This research program provides an exceptional training ground for graduate and
undergraduate students in the formative scientific environment provided by Stanford University and our state-of-
the-art laser lab. The research concerned physics and technical skills that find application in a variety of significant
areas of technology, most notably lasers and photonics for telecommunications and advanced novel solid-state
materials for electronic devices. The Pl currently mentors ten graduate students and one undergrad. Tours of the
lab to outside groups are regularly given to spark interest in modern physics ideas and techniques.
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Results Dissemination: « F. Yang, S. Taylor, S. Edkins, J. Palmstrom, I. Fisher, and B. L. Lev, Nematic
Transitions in Iron-Pnictide Superconductors Imaged with a Quantum Gas, Nature Physics 16, 514 (2020).
News coverage:
- Nature Physics 16, 506 (2020): News & Views: Cooking with quantum gas, by James Analytis
- Phys.org article: “Imaging nematic transitions in iron pnictide superconductors”
- Physics World article: “Ultracold atoms put high-temperature superconductors under the microscope”

S. Taylor, F. Yang, B. Freudenstein, and B. L. Lev. A scanning quantum cryogenic atom microscope at 6 K,
(2020). arxiv:2010.03559 under review at SciPost Physics.
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