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New phase of matter usually emerges when a given symmetry breaks spontaneously, which can involve charge,
spin, and valley degree of freedoms. By twisting graphene multilayer to form a moirésuperlattice, it leads to moiré
flat band where various correlated states are developed. In this talk, | will discuss the correlated phases at half
fillings in twisted double bilayer graphene (TDBG). We induce an isospin competition between spin and valley
flavours by orbital Zeeman effect, and observe the resulting valley polarized correlated insulator [l at half fillings.
Moreover, the valley polarized correlated insulators are found hosting anomalous quantum oscillations (QOs) [2
with a period of 1/B, and the periodicity is strongly displacement field dependent. Our study suggests that TDBG is
an excellent platform to discover exotic phases where correlation and topology are at play.
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