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Abstract We analyze in detail the properties of the one-dimensional Anyon-Hubbard model, which can be mapped
to a corresponding Bose-Hubbard model with a density-dependent Peierls phase via a generalized Jordan-Wigner
transformation [1]. At first we extend the modified version of the classical Gutzwiller-mean-field ansatz of Ref. [2] in
order to obtain the pair-correlation function for both the bosonic and the anyonic system. A comparison of the resulting
quasi-momentum distributions with high-precision DMRG calculations reveals in general a parity breaking, which is

due to anyonic statistics. Afterwards, we determine how the boundary of the superfluid-Mott quantum phase transi- _ o .. (a) 1 ho(—,) o
tion changes with the statistical parameter. We find in accordance with Ref. [1] that the statistical interaction has the X Quasi-momentum distribution: (n, ") = ZZ@) —ti){a;a;)
tendency to destroy superfluid coherence. i)

X Thermodynamic limit:
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Anyon-Hubbard Model
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X Anyon-Hubbard model in 1D lattice [1]: H = 5277,@- (i —1) = J) (CLiOJH_l + h.c.) — Y

i i X Example for MGw (L = 100, & = 10):
X Deformed commutation relations: azaj — exp (ifsgn |1 — j]) ;f 5z,yj
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X Bose-Hubbard model with correlated hopping: 14} |
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via a generalized Jordan-Wigner transformation a; = b; exp | i0» 7y | with [ZSZ-, bﬂ = 0 2 . 9‘& | 0_ /S
b<i - O T T B LR S
k k

—> Deformation to smoothened Fermi edge is observable in limit 0 — «

Symmetries

Mean-Field Decoupling

X Particle number conservation: {FI, J\Af} -0 — SU(L)

X Translational (PBC): {F[PBC, U} £0  — if 0#0, 7 X Mean-field scheme:  a; — (a;) + day, (aj) = aj — min [Eyip(oy)]
— ]
X Parity: [H ]5} L0 — if 0407 X Classical/Modified ansatz: a; — «, aj — Abs(a)explijArg(a)]
N X Bi-partite lattice:
X Time inversion: {H,T} 0 — if 60#£0,7w
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—> JW-anyons generally break discrete symmetries as well as translational invariance R o
C; = jexp(zﬁnj)
X Invariance for combined discrete symmetries: [H ,ﬁﬂ = [H | ST} = [H ,155*] = (
— If the discrete symmetries anti-commute with ﬁ]hop for some parameter values L/2
X Local Hamiltonian: [:]MF = [:]0 — JZ [B;)k (770, Ve, ﬁgj) [A?Qj + AZ’; (77@, Vo, ﬁ2j+1) [A)Qj+1 + h.C.}
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X Self-consistency equations motivated by [1]:

Bosonic Quasi-Momentum Distribution

<[:92j> = Abs(b), (C2j) = Abs(c)
Tna (bajr1) = Abs(b)(=1)"7",  (eg511) = Abs(c)(—1)""™
X Modified Gutzwiller Ansatz: |G) = | | an n) £ = | Anlexp(ij B + ivm) —  Two types of superfluid depending on ny,no € Z [3]
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X Quantum phase diagram:

X Quasi-momentum distribution: <ﬁ,(€b)> = lzeik@z—%)(z}%ﬁ
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X Finite system (nmax = 2): BV O = = 0.15]
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X Example (L = 100, & = 10):
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X Smooth transmutation between bosonic and fermionic exchange statistics
0 X Gonsistent modified Gutzwiller approach [2]
X Superfluid condensation at finite momentum
X Non-trivial deformation of Mott lobes [1]
S 10l X Emergence of new superfluid phases [3]
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