
Bulk Moiré Crystals Reveal a Higher-Dimensional World for Electrons
Kevin P. Nuckolls¹,⁷*; Nisarga Paul¹,⁷*; Alan Chen²; Filippo Gaggioli¹; Joshua P. Wakefield¹; Avi Auslender³,⁴; Jules Gardener³; Austin J. Akey³; David Graf⁵; 

Takehito Suzuki⁶; David C. Bell³,⁴; Liang Fu¹; Joseph G. Checkelsky¹
¹MIT , Dep of Physics; ²MIT, Department of Electrical Engineering and Computer Science; ³Harvard University, Center for Nanoscale Systems; ⁴Harvard University, School of Engineering and Applied Sciences; ⁵National High Magnetic 

Field Laboratory; ⁶Toho University, Department of Physics, ⁷These authors contributed equally.

Funding: K. M. Amm (NSF DMR-2128556); J.G.C. (Gordon and Betty Moore Foundation EPiQS GBMF9070; DOE BES DE-SC0022028; ONR N000142412407; ARO W911NF-24-1-0234); K.P.N. 

(MIT Pappalardo Fellowship); L.F. and J.G.C. (AFOSR FA9550-22-1-0432); F.G. (Swiss NSF Postdoc. Mobility 222230); STC CIQM (NSF DMR-1231319); Harvard CNS (NSF ECCS-2025158)

Moiré materials — formed by stacking atomically thin layers with slightly 

mismatched lattices — have transformed how researchers engineer quantum 

phases of matter, hosting tunable superconductivity, ferroelectricity, and 

topological states. But every moiré platform to date has required laborious hand-

assembly of individual van der Waals flakes, limiting quality and scalability. 

Whether the same physics could emerge in equilibrium-grown bulk crystals 

remained open.

Here, the authors report a new family of bulk moiré materials, 

(Sr₆TaS₈)₁₊δ(TaS₂)₈, grown in equilibrium without hand-stacking. The lattice 

mismatch between alternating Sr₆TaS₈ and TaS₂ layers generates a coherent 

moiré superlattice throughout the bulk, tunable through synthesis conditions. High-

field torque magnetometry (Cell 9, 31.5 T) and magnetotransport (Cell 6) at the 

MagLab's DC-Field Facility revealed a de Haas–van Alphen spectrum mapping 

more than 40 distinct Fermi-surface cross-sections — far more than any 

conventional three-dimensional metal.

This dense Fermiology is naturally explained by treating these bulk moiré metals 

as projections of higher-dimensional "superspace" crystals — a long-standing 

framework in incommensurate crystallography never before applied as an 

electronic platform. Electrons effectively access a synthetic fourth dimension 

generated by the moiré superlattice, opening an experimental route to higher-

dimensional topological and superconducting phases previously confined to 

theory. Because these are robust bulk crystals rather than hand-stacked flakes, 

the approach is inherently scalable toward wafer-scale moiré electronics.

Figure(Top). Schematic of the bulk moiré crystal (Sr₆TaS₈)₁₊δ(TaS₂)₈. Alternating Sr₆TaS₈ and TaS₂ layers are 

atomically incommensurate along one in-plane direction, generating a coherent 2D moiré superlattice that pervades the 

bulk crystal. The superlattice wavelength and orientation are tunable through synthesis conditions without altering 

chemistry. This results in a (2+1)D Fermi surface, making use of the restored translation symmetry. Stacks of quasi-2D 

Fermi surfaces are linked along a new discrete synthetic dimension.(Bottom) These orbits give rise to cyclotron orbits in 

the (2+1)D superspace moiré metal that propagate by discrete momentum quanta in the synthetic dimension – 

reflected in a dense sequence of roughly linearly oscillations, contrasted to conventional spectra shown on left.

Facilities and instrumentation used:  DCFF Cell 9 (torque magnetometry up to 31.5T) and Cell 6 (torque magnetometry and magnetotransport) 
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