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Figure 7.3: (a) Nearest-neighbor bond energy as
a function of td/th in the 72 site cluster. As we
change the sign of td/th from negative to posi-
tive, we shift between the 0��–flux and 000–flux
states (green squares), or between the �00–flux
and ���–flux states (purple circles). The energy
of the chiral ���–flux state with � = 2�/3
(E(���) = �0.662) is compared to the td = th
case, while the energy of the chiral ��⇥�⇥–flux
state E(��⇥�⇥) = �0.671 is compared to the
td = �th case. The �⇥�⇥�⇥–flux and �⇥��–
flux states have a higher energy (E(�⇥�⇥�⇥) =
�0.604, E(�⇥��) = �0.629). The inset of (a)
shows the energies around td/th = �1 for the 72
and 288 site clusters. The free fermion Fermi-sea
state is degenerate for the ���–flux state at the
Fermi level when td/th > 1, and this is the origin
of the scattered energy values of the projected
state. (b) The energies of the d and h bonds
versus td/th. The hexamerization (⇤Ph⌅ < ⇤Pd⌅)
is more extended for the �00–flux state than for
for the 0��–flux state. (c) Schematic drawing of
the extension of the hexamerized (plaquette) and
dimerized phases that can be read o⇥ from the
bond energies given in (b). The arrows denote

the minima of the energies shown in (a).

For the 000-0�� and ���-�00 cases we made calculations for di⇥erent values of td/th, with fixed

th > 0. If td changes sign, the flux of the central hexagon remains the same, while the flux of the

other hexagons around change by �.

7.3 VMC results

For the Gutzwiller-projected calculations we chose finite clusters that have the full symmetry

of the honeycomb lattice and are compatible with both the 6 and 18-site unit cell of the iPEPS

calculations, and with the 24-site unit cell of the ��� and �00 flux-configurations. The bulk

of the calculations were made on clusters with 72 sites, and around the minimal energies we

made calculations on systems Ns =288. The number of elementary Monte Carlo steps was

1010(2 · 1010) for Ns =72 (288), and the sampling distance was chosen to be 1000(10000) which

is around 5 times the correlation length.
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Figure 7.1: Orderings found by iPEPS calculations, (a) Dimerized order found for the 18-site
unit cell, with SU(3) symmetry breaking. (b) Plaquette order found on a 6-site unit cell, without
sign of color order. (c) Energies of iPEPS calculations as a function of tensor dimension. For
D  8 the dimerized color ordered state has lower energy, but for D � 8 the plaquette ordering

is energetically favorable [102].

7.2 Di↵erent flux configurations

In the SU(3) case the iPEPs results show that the translation invariance of the system is broken,

therefore we will consider non-uniform flux configurations as well. The di↵erent flux states

are illustrated in Figure 7.2, in the following we give a detailed description of the considered

scenarios.

1. Two configurations with 0 flux in a central hexagon and 0 or ⇡ flux in the adjacent

hexagons called respectively 000 and 0⇡⇡–flux states (Fig. 7.2 a-b) [103]. These states

are compatible with a 6-site unit cell. In this gauge, the hopping amplitudes around the

central hexagon are set to th, while they alternate between th and td as one goes around the

two remaining hexagons in the unit cell. The motivation to study these states comes from

the tensor network simulations of [101] as well as the iPEPS calculations on the six-site

unit cell (Fig. 7.1b).

2. Two configurations with ⇡-flux in a central hexagon and 0 or ⇡ flux in the adjacent

hexagons called respectively ⇡00 and ⇡⇡⇡–flux states (Fig. 7.2c-d). The realization of

these layouts requires a larger hexagonal unit cell of 24 sites. These configurations are
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