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Bilayer graphene allows the realization of electron-hole double quantum dots (DQDs) that 

exhibit near-perfect electron-hole symmetry, in which transport can be understood as the 

creation and annihilation of electron-hole pairs with matching quantum numbers [1,2].  

Given the strong transport blockade selection rules, the presence of non-conserving 

quantum number mechanisms can be studied in details. Here we report on the observation 

of a valley non-conserving process, which we attribute to the single particle valley mixing KK’. 

We show that the presence of a non-vanishing KK’ can be observed as the appearance of 

an additional feature in the finite bias spectra (Fig. 1a). Notably the strength of the spectral 

feature can be modified via gate voltages defining the DQDs, which we interpret as a gate-

tunable KK’ (Fig. 1b). Through a surrogate modelling approach based on rate equation 

simulations of our system, we are able to determine the intervalley coupling strength KK’. This 

work paves the way to a deeper understanding of the non-conserving valley processes in 

bilayer graphene, fundamental for implementing single-particle valley or Kramers qubits [3]. 
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Figure 1: (a) Finite bias spectroscopy of DQDs highlighting the matching-quantum-numbers 

transitions ( and ) and the transition attributed to a finite KK’ (). (b) Linecut along the detuning 

axis , as highlighted in Fig. 1(a), at different gate voltages, showing an intensity increase of feature 

related to a valley-flip process. 

  


