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D.G. Schlom and K.M. Shen, Cornell UniversityThe observation of replica bands by angle-resolved photoemission

spectroscopy enables the study of electron-phonon coupling at low
carrier densities, particularly in monolayer FeSe/SrTiO3. Theoretical
work suggests that the electrons in the ultra-thin FeSe layer couple to
optical phonons in the SrTiO3 substrate that thereby contributes to the
enhanced superconducting pairing temperature. So far, the inherent
fragility of such single-layer thick materials and the weak intensity of
replica features has limited the quantitative evaluation of their nature.
To overcome this challenge, the PARADIM in-house research team
developed a system to transfer the sensitive samples from
ultrahigh vacuum directly into an inert environment glovebox for
transport to the Advance Light Source for beamline ARPES
measurements. Using this approach, PARADIM scientists were able
to observe interfacial replica bands in far greater quantitative detail
than had previously been possible. A detailed analysis of the energy
splittings and relative peak intensities between the higher-order
replicas, as well as other self-energy effects, allowed them to
determine that the interfacial electron-phonon coupling in the system
corresponds to a value of λ = 0.19 ± 0.02, providing valuable insights
into the enhancement of superconductivity in monolayer FeSe/SrTiO3.
Furthermore, the methodology employed in this work can also serve
as a new and general approach for making more rigorous and
quantitative comparisons to theoretical calculations of electron-
phonon interactions and coupling constants.
B.D. Faeth et al. Phys. Rev. Lett. 127, 016803 (2021).
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What Has Been Achieved:  PARADIM’s in-house research team reports a quantitative examination of photoemission replica bands in monolayer FeSe/SrTiO3, where the appearance of replica bands has motivated theoretical work suggesting that the interfacial coupling of electrons in the FeSe layer to optical phonons in the SrTiO3 substrate might contribute to the enhanced superconducting pairing temperature.  By performing a quantitative examination of replica bands in monolayer FeSe/SrTiO3, we are able to conclusively demonstrate that the replica bands are indeed signatures of intrinsic electron-boson coupling, and not associated with final state effects as had been alternatively theorized.  Furthermore, a detailed analysis of the energy splittings and relative peak intensities between the higher-order replicas, as well as other self-energy effects, allows us to determine that the interfacial electron-phonon coupling in the system corresponds to a value of λ = 0.19 ± 0.02, providing valuable insights into the enhancement of superconductivity in monolayer FeSe/SrTiO3.  The methodology employed in this work can also serve as a new and general approach for making more rigorous and quantitative comparisons to theoretical calculations of electron-phonon interactions and coupling constants in other systems where interfacial electron-phonon coupling is present.Importance of the Achievement: This work not only resolves the longstanding debate regarding the origin of photoemission replica bands in FeSe/SrTiO3 by demonstrating that they arise from intrinsic electron-phonon coupling, but also suggests a new generalized methodology for extracting more quantitative information about electron phonon coupling constants in quantum materials through comparisons to theory.Unique Feature(s) of the MIP that Enabled this Achievement: Realizing this discovery was made possible only by the unique combination of MBE, ARPES, and in situ R vs. T measurements, and the ability to transfer sensitive films from ultrahigh vacuum into an inert environment glovebox for transport to synchrotron beamline.Full Reference: B.D. Faeth, S. Xie, S. Yang, J.K. Kawasaki, J.N. Nelson, S. Zhang, C. Parzyck, P. Mishra, C. Li, C. Jozwiack, A. Bostwick, E. Rotenberg, D.G. Schlom, and K.M. Shen, “Incoherent Cooper Pairing and Pseudogap Behavior in Single-Layer FeSe/SrTiO3,” Phys. Rev. Lett. 127, 016803 (2021). DOI: https://doi.org/10.1103/PhysRevLett.127.016803Acknowledgement: This work was primarily supported through the Air Force Office of Scientific Research through Grants No. FA9550-21-1-0168 and No. FA9550-15-1-0474. This work was also supported through the National Science Foundation through NSF DMR-1709255 and the Platform for the Accelerated Realization, Analysis, and Discovery of Interface Materials (PARADIM) under Cooperative Agreement No. DMR-1539918. This research is funded in part by the Gordon and Betty Moore Foundation’s EPiQS Initiative through Grant No. GBMF3850 to Cornell University. B. D. F. and J. N. N. acknowledge support from the NSF Graduate Research Fellowship under Grant No. DGE-1650441. P. M. acknowledges support from the Indo US Science and Technology Forum (IUSSTF). This work made use of the Cornell Center for Materials Research (CCMR) Shared Facilities, which are supported through the NSF MRSEC Program (No. DMR-1719875). This research used resources of the Advanced Light Source, a U.S. DOE Office of Science User Facility under Contract No. DE-AC02-05CH11231. Substrate preparation was performed in part at the Cornell NanoScale Facility, a member of the National Nanotechnology Coordinated Infrastructure (NNCI), which is supported by the NSF (Grant No. ECCS-1542081).
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