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• Landau level energy:

𝐸𝑁 = 𝑠𝑖𝑔𝑛 𝑁 ℏ𝜔𝑐 𝑁 𝑁 − 1

• Landau Levels N = 0 and N = 1 are nearly 
degenerate 𝐸0 = 𝐸1 = 0

• 8-fold nearly degenerate Zero-energy Landau 
level

• 3 degrees of freedom: spin 𝜎 =↑/↓, valley 𝜉 =
𝐾/𝐾′, orbital (Landau Level) N=0, 1  

• By neglecting all mixing with higher Landau 
levels, the situation is reminiscent of extreme 
Landau level mixing 

➔ Favor the formation of Wigner crystal [1]
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• Single electron energy:
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‘u = energy bias between the two 
layers (interlayer bias)

• The levels ۧ|𝐾0 ↑  and ۧ|𝐾1 ↑  cross 
at large value of 𝑢 

• In the vicinity of the crossing, we 
define the orbital splitting energy:
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The phase diagram

Method: exact diagonalization on the torus geometry

• Polarization in the orbital N = 0 of 
the ground state:
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• An abrupt change in 𝑁0 /𝑁𝑒 

when Δ10 increases while keeping 
𝛾 unchanged 

• Electrons transfer from orbital N 
= 0 to orbital N = 1

• Quantum fidelity:
ℱ = Ψ𝐺𝑆 Δ10 + 𝑑Δ10 Ψ𝐺𝑆 Δ10
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The Wigner crystal (filling factor 1/3)
𝑁𝑒 = 6,𝑁𝜙 = 18, 𝛾 = 0, Δ10 = 0

Ground state degeneracy ➔Wigner crystal
Many-body 
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• Pair correlation function between electrons in 
orbitals 𝛼 and 𝛽 separated by a distance R: 
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• The overdensities in 𝑔00show the real-space 
distribution of Wigner crystal

• In the Wigner crystal phase, electrons occupy the 
orbital N = 0

Hamiltonian

We consider the regime in the vinicity of the crossing between the levels | ۧ𝐾0 ↑  and | ۧ𝐾1 ↑ : 

Form factors

Conclusion

• Competition between Wigner crystal and quantum Hall liquid 
in the vicinity of the crossing between the levels | ۧ𝐾0 ↑  and 
| ۧ𝐾1 ↑  of filling factor 𝜐 = 1/3

• The phase transition can be controlled by tuning the electric 
energy bias 𝑢 between the two layers (interlayer bias)  

• Electrically-induced Wigner crystal 
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• A dip in ℱ  at the same 
value of Δ10 of the 
polarization transition

In the basis (A1,B2,A2,B1): 

(Phys. Rev. B 107, 125129 (2023)) 
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