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Graphene moire systems turned out to host a variety of fascinating emergent phenomena due to its strong 
electron correlation nature, including spontaneous spin and valley symmetry breaking, quantum anomalous 
Hall effect, and superconducting behaviors that do not fall under the conventional BCS descriptions. These 
phenomena and the complicating interplay between them triggered intense interest and are still under vast 
investigation. 

In this work, we study a twist trilayer graphene device with twist angle detuned from the 'magic angle'. 
Superconductivity persists in this small angle regime. Strikingly, here the superconductivity shows a non-
reciprocal I-V character even without an external magnetic field, or in other words, a zero-field 
'superconducting diode' effect.[1] This effect demonstrates that both inversion and time-reversal symmetries 
are spontaneously broken in the superconducting state. 

To address this observation, we provide a hypothesis involving the imbalanced valley degree of freedom, 
which is unique to the small twist angle regime. This hypothesis is also consistent with our observation that 
at this small twist angle regime, long-range density wave states dominate over correlated insulator states at 
integer fillings. 

 

FIG. 1. Zero-field superconducting diode effect in small-twist-angle trilayer graphene. 
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