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FIG. 1. (a) The color density plot represents the electron spectral
function in the presence of long-range bidirectional bond density
wave at zero magnetic field (we use the unfolded Brillouin zone as
measured in photoemission, and the density plot has full 4 fold sym-
metry about the center of the square; in experiments such a long-
range BDW is likely only present at high-fields, and the photoemis-
sion spectrum with short-range BDW correlations appears in Fig. 2).
All other annotations are superimposed to highlight aspects of the
spectral density. The wavevectors of the charge density wave are
marked by the dashed arrows. In black, the Fermi surface used for
our computation. The zero field charge density wave induces recon-
struction and the formation of an electron-like pocket, shown in red
and two hole-like pockets, shown in blue. The pocket contours are
obtained by semiclassical analysis as described in sec. III A. The pa-
rameters are t1 = 1.0, t2 = �0.33, t3 = 0.03, µ = �0.9604, p = 10%,
Px

0 = Py
0 = 0.15, � = 0.317. (b) Quantum oscillations in the den-

sity of states induced by an applied magnetic field: red lines mark
peaks associated with the electron pocket (frequency 432 T or 1.55%
of Brillouin zone), and blue lines those from the hole pockets (fre-
quency 90.9 T or 0.326% of Brillouin zone).

terms of a multicomponent O(6) order parameter, n, collect-
ing the order parameters of both superconductivity and bond
density wave [6, 19, 21, 37]. At low temperature, terms that
break the O(6) symmetry explicitly cause n to fluctuate pref-
erentially along the particular direction that corresponds to su-
perconductivity. This produces long-range superconductivity.
On the other hand, at higher temperature, O(6) symmetry is

FIG. 2. Electron spectral function in the presence of fluctuating
superconducting and bond density wave correlations. p = 11%,
�0 = Px

0 = Py
0 = 1, T/t1 = 0.06, g/⇤2 = 0.2, ⇢S = 0.05, ⇤ = 2.

The details are discussed in sec. IV.

approximately restored and n fluctuates along all directions,
yielding short-ranged superconducting and bond order corre-
lations (see Fig. 13 in secVII B). This model has been shown
[6] to be in agreement with measurements obtained via X-ray
scattering experiments. In this paper, we explore the impli-
cations of the phase fluctuations of n arising from the O(6)
model on the spectral density of electronic excitations. We do
so by coupling at the RPA level the Fermi surface to the su-
perconducting and bond order fluctuations described by the
model. Our main results are displayed in Fig. 2, showing
a constant frequency cut (at ! = 0) of the electron spectral
function. Bond order fluctuations lead to enhanced scattering
in the nested regions of the Fermi surface, whereas supercon-
ducting fluctuations damp the nodal quasiparticles. A small
region of the Fermi surface near the nodal points remains un-
a↵ected by either order, and we identify it with the “Fermi
arcs” seen in photoemission spectroscopy. A more detailed
description of the features of the electron spectral function is
given in section IV.

II. MODEL

We base our analysis on the following model hamiltonian

H =
X
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(1)

Here r labels the sites of a square lattice and the vector a

runs over first, second and third neighbors, and also on-site
(a = 0). The first term is the usual kinetic term, with hopping
parameters ta.

The second term couples the electron to the superconduct-
ing order parameter. The coe�cient �

a

specifies the super-


