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Introduction
We use mean-field theory on a quadratic and a triangularadaiitice to solve Quadratic Lattice Triangular Lattice
the Extended Bose-Hubbard model, of which the Hamiltorsagiven by:

) v ¢ In the two-site basis, the matrix form of the Hamiltonian Is: ¢ In the three-site basis, the matrix form of the Hamiltonian is:
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whereg; andd are the bosonic annihilation and creation operators af site _4J$B ] %Jr Ps Eo Ut 4p _4J$A “Bathe) 0 e . o+p) ~33(Ys +Yo) 0 ~33(Ya -+ ) 0
andri = 4'4,. We consider the case of hard-core repulsion, where eacbasit \ 0 A AN O—4JL|J A = 2H+4(; +08) / “Harte) 0 ° +Eo i 3<pA+pOB+2pC> Herhe) mHare 0
only be occupied by at most 1 boson. For the triangular caseesults show A 57 ATEB P Plardg mHlletie 0 o e
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a.supersolld phase and our gengral phase diagram Is inavaliagreement with Eg = 4J (WsWa + Palis) — 4paps andV = 1 O o O ) e o
with recent Monte-Carlo simulation. tEo—2u
\ 0 0 0 0 —3J(Ya+us) —3I(Wa+uc) —3I(Ws+Uc) 6(pi_gopf§upc)/
. . . . Mott Insulator (MI) and Density Wave (DW) Phases: 1) =0 :
Derivation of the Mean-Field Hamiltonian on Sublattices ° ( . ) 4 . ( . ) . ¥ with Eg = 6J(Yals + WaPc + WeWc) — 3(PaPe + PaPc + PePc) andV =1
Wa = P = 0, which makes the Hamiltonian diagonal. For these phases:
. . . — : — Mott Insulator and Density Wave Phases:) =0
We first apply the mean-field theory approximation: Ener Densities  Region of minimalit Phase ° . N .
PRY Y PP % J Y Pa = P = Yc = 0, which makes the Hamiltonian diagonal. For these phasegs:
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Next we divide the lattice into sublattices such that no twembers of a sub- —2u+4 pa=1lpg=1 4< Upper Mott Insulator (M) R Pa= 1, pET ’C = 0 O<p<3 ower DW
lattice are nearest neighbors. 0 pPa=ps=1pc=0 O<p<S -OWer Dvy
e Superfluid (SF) Phase:) # 0 —H pa=pe=0,pc=1 O<u<3 _ower DW
Quadratic Lattice Triangular Lattice Pa =Yg # 0 andpa = pg # 0, thus Hamiltonian no longer diagonal, but ca —2U+3pa=pPs=1pc=0 3<p<b6 Upper DW
9 still be exactly diagonalized. Unlik¢s = O case, for all regions there is only —2U+3pa=0,ps=pc=1 S<U<E Upper DW
one minimal eigenvalue, which can be exactly extremized: —2U+3pg=0,pa=pc=1 S<U<E Upper DW
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Sublattice B 4(2J+1) | 4487’ 8J+4 e Superfluid Phase: vy # 0
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Sublttice C e Phase Transitions: Pa =W = Uc 7& 0 andpa = Ps = Pc 7é_ 0, thus Hamlltonlan no longer Fhag-
d—O_O_O ® For Superfluid-Density Wave (SF-DW) and Superfluid-Mottulagor (SF- onal, l_aut can still b_e _exactl_y dlagonallze(_i. Unlike= O case, fo_r all regions
MI) phase transition curves, we simply equate the exaciggeeand solve for there Is only one minimal eigenvalue, which can be exactiseexized:
pin terms ofJ: _VEI-pT6/60FH  6l4p (634
We now specialize to the quadratic case, while the triamgedae Is derived DX 17 71 Vsr = 6(2J+1) » PsF= 6(2J+1) >FT 8)+4
similarly. Decomposing the Hamiltonian for each sublattic 5 woTmsuoR " Upper Mott bhase= Superfluid: |
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A ~ Fye = Z {—4] (LIJB(éiAJré\IZ)—LIJALIJB) _HﬁiA‘FZV(ZpBﬁiA_pApB)} al = | U= 4(J+1) H_amlltonlan can St!ll b_e exactly dlggonallzed with one lgnsal_ly minimal
I , ! eigenvalue Ess), which is too complicated for exact extremization.
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" At N o at g | U= —4) For SF-DW and_SF MI transitions, equate exact energies th thansition
where (&) = (&) =Wa, ifi € @) = (&) =Us, If I € 1 | curves. DW-SS is second order transition, thus apply DWmatars to SS
(Ni) = pa, ifi €A (i) =pg, ifi€B |  Density Wave phases> Superfluid: extremization equatiof=s = 0 to find transition curve. Similar method can
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Since both parts of the Hamiltonian are local and the lsdteoe homogenous, | | ~ 2 — 24 2v/1— 472 ot be used for S S. because it Is first order and exact eﬁm@s_ls o
. . . . . . 1 vorTmsuOR - H : H known, thus no analytical curve has been found, even thougtenc simula-
we can consider aSImpler two-site SyStem CorreSpondlngd(atljacent sites - - J U< 2 - U= 2 2\/1 4.]2 tion shows that curve is Simple vertical line
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Quantum fluctuations cause Superfluid to shrink,
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also SS-SF no longer vertical line.

ted — contrast between DW-SS and DW-SF



