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Abstract — We report a zero-field superconducting diode effect in twisted trilayer graphene,
evidenced by the highly nonreciprocal I-V curve and directional dependence in the critical
supercurrent. This phenomenon points towards an electronic order in graphene moiré systems
that breaks both spacial inversion and time-reversal symmetry. This symmetry-breaking order
naturally arises from an imbalance of the fermi surfaces in two valleys, thus breaking the valley
symmetry. In the second part of this talk, | will introduce a method of angle-resolved
nonreciprocal transport measurement to identify the valley imbalance. We first demonstrate
the viability of this method in a Bernal bilayer graphene, showing a Coulomb-driven
momentum polarization effect. Then we go back to twisted trilayer graphene, where we
established the relation between the normal state nonreciprocity with valley imbalance, and
further set out to probe the diodic order in the transition into the superconducting state.
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