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Andrey V. Chubukov (Professor, University of Minnesota; Recipient of 2018 John Bardeen Prize)

In my view, this project was a total success. The goal of the proposed work was to find commonalities in the
underlying physics and common organizing principles in various realizations of Quantum Liquid Crystals (QLCs) in
condensed matter systems. The materials studied within the QLC grant activity included spin liquid crystals (spin
nematics), made of localized and itinerant fermions, charge liquid crystals (charge nematics), e,g., the systems with
orbital order, like FeSe, and pair liquid crystals, which are superconductors with either spatially non-homogeneous
order parameter (a pair density wave order), or systems in which superconductivity either co-exists with a nematic
order or induces it. This research resulted in several ground-breaking discoveries, which propellered the team to the
very top in the field of QLCs. The closest to my research interests was the set of discoveries of novel
superconductivity in doped FeSe, which does not fit into a “conventional” scenario of spin-mediated pairing. It is
highly likely that the novel superconducting states have non-trivial topological properties, like Majorana modes in
the vortex cores. The research groups involved in this activity published a large (exceptionally large!) number of
high-quality papers in prestigious per-refereed journals. One of my favorites is “Two superconducting states with
broken time-reversal symmetry in FeSe;..S,” by K. Matsuura et al., PNAS 120, €2208276120 (2023), in which the
authors (a number of PIs of the grant) presented extraordinarily compelling evidence for two superconducting domes
with notably different properties. The full list of publications over the grant period is truly impressive as well as the
number of junior researchers involved (students and postdocs). In 2021 and 2024, Prof. Shibauchi and his colleagues
organized successful International Conferences on QLC, with talks from researchers from around the world. |
participated in both conferences and very much enjoyed high-quality talks on all pillars of the grant-sponsored

research. Overall, I strongly believe that this project is an immense success. It is rare when all the goals of the

proposed work have been achieved, but this is clearly the case with this grant.

Peter J. Hirschfeld (Distinguished Professor, University of Florida; Recipient of 2022 John Bardeen Prize)
Let me begin by saying that the publication output is prodigious even for a team of ~50 researchers who receive

funding from the QLC project. The publications are not only numerous, but have appeared almost exclusively in
highest quality journals, from JPSJ to Nature, to Science and APS journals. There is clearly wide collaboration among
the different subgroups, sharing samples, theoretical knowhow, and experimental techniques to attack a wide variety
of frontline quantum problems. There is no doubt that this excellent group of researchers is collectively having an
enormous collective impact on the field of quantum materials. I know that in the fields in which I work that the
quantum papers produced by many of these workers are highly respected and should be cited often. An interesting
subset of all papers listed appear to me to be directly related to the stated goals of understanding “quantum liquid
crystals”. Of course this term is somewhat nebulous, but I take it to mean studies of electronic nematicity, strong
symmetry-breaking correlations driven by electronic interactions, as well as the effect on electronic properties of
applied strain. The signature achievements directly in this area include the discovery of remarkable effects on
superconductivity near the pressure- or doping-driven nematic critical point in Fe-based superconductors, possibly
driven by the elusive Bose-Einstein condensate, by nematic fluctuations, or by topological transitions leading to
Bogoliubov Fermi surfaces. These discoveries have stimulated a great deal of interest in the quantum materials and
superconductivity community, including theoreticians who have developed new concepts in order to explain these
observations. More generally, this effort led to discoveries of several new examples of QLC’s, involving collaborative
efforts between thrusts AO1 & B01, with theoretical support from C01; such that the overall synergy of the effort was
evident. The degree of cross-fertilization is remarkable, and it indeed appears that, as I anticipated three years ago,
those researchers who had been studying problems of the quantum liquid crystal state shared their expertise, leading
to those from outside this subfield becoming increasingly motivated to study these problems. Overall, progress and
impact of the JP19H05824 project in the past five years has been extremely impressive.
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