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• Novel supersolid phase can be seen with extended Bose-Hubbard 
model. To discuss how to construct desired phase becomes our 
interest.



We studied the extended Bose-Hubbard(EBH) Hamiltonian in the hard-core limit:
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We applied iPEPS, exact diagonalization (ED), and 
mean-field analysis for investigating the Hamiltonian.

(t, 𝑽𝟏, 𝑽𝟐)=(1,8,0):

Results from ED scaling:

Upper inset: The phase 
diagram from previous 
slide
Lower inset: Mean-field 
phase diagram



(t’, 𝑽𝟏, 𝑽𝟐)=(1,0,8):
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We noticed that with the frustration of t and t’ and competition between 𝑉1 and 𝑉2, many 
novel states can be formed. Since the effect of 𝑉1 and 𝑉2 is rather trivial in the isotropic case, 
we focused on discussing the frustration of t and t’.

Mean-field decomposition: 

Results from ED scaling:

Inset: Mean-field phase diagram
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(t, 𝑽𝟏, 𝑽𝟐)=(1,8,0)

By comparing the kinetic energies of nearest 
and next nearest neighbors, we conclude that 
for t’<0, the Hamiltonian is always frustrated.



(t’, 𝑽𝟏, 𝑽𝟐)=(-1,4,4): frustrated

• We have investigated all the possibilities for isotropic cases, how about 
anisotropic interaction?

• All the phase boundaries may belong to different universal class, which 
we did not investigate here. 



• We have demonstrated what kind of effect from the kinetic 
frustration would do to the resulting phases for EBH model.

• A novel d-wave superfluid and its related states have been 
found, with the help of frustration by kinetic and interactive 
terms.

Summary:

Future goals:

• The phase boundaries need to be investigated more in detail, 
probably with more reliable numerical methods.

• By considering the dipolar interaction, systems become more 
similar to real-world experiments. Interesting phases can also 
be found(undergoing).


