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Examining the possibility of chiral superconductivity in Sr2RuO4 and other compounds
via applied supercurrent
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One approach to probe the still controversial superconductivity in Sr2RuO4 is to apply external perturbations
that break the underlying tetragonal crystalline symmetry. Chiral px + ipy and dxz + idyz states respond to such
perturbations in ways that may help to distinguish them from other superconducting pairings. However, past
experimental efforts along this line, using uniaxial strains and magnetic fields parallel to the RuO2 plane, have
not been able to reach an unambiguous conclusion. In this study, we propose to further examine the possibility
of chiral superconducting order in Sr2RuO4 using an alternative tetragonal-symmetry-breaking perturbation—
in-plane supercurrent. We study the superconducting phase diagram as a function of both temperature and the
applied supercurrent. Supercurrent generically splits the transition of the two chiral order parameter components,
and we show that the splitting can give rise to visible specific heat anomalies. Furthermore, supercurrent parallel
and antiparallel to the unidirectional propagation of the chiral edge modes impact the edge states in a different
manner. This difference manifests in the tunneling spectrum, thereby providing an additional means to probe the
chirality even when the related spontaneous edge current is vanishingly small. Finally, we discuss the distinction
of supercurrent responses in nonchiral time-reversal-symmetry-breaking superconducting states. Our proposal
can be applied to other candidate chiral superconductors.
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I. INTRODUCTION

The Cooper pairing in chiral superconductors sponta-
neously breaks time-reversal symmetry, which can be detected
by zero-field muon spin relaxation and optical polar Kerr
effect measurements. Intrinsic chiral superconductors are hard
to come by. Existing signatures consistent with chiral states
have only been reported in a limited few materials, includ-
ing Sr2RuO4 [1,2], UPt3 [3,4], and URu2Si2 [5,6], although
none of the above is unambiguously confirmed a chiral
superconductor.

Sr2RuO4 [7] is among the most thoroughly studied can-
didate chiral superconductors. In the past three decades,
much progress has been made toward unraveling the myth
of its superconductivity. However, the exact nature of the
Cooper pairing in this material remains hugely controver-
sial [8–17]. In particular, while multiple early observations
pointed to chiral p-wave pairing [1,2,18–20], a number of
recent key observations seem to defy a straightforward chi-
ral p-wave interpretation [21,22]. It is worth stressing that,
while many contending candidate pairing symmetries have
recently emerged in conjunction with numerous experimental
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advances [21–27], no order parameter seems able to coher-
ently interpret all of the key observations. Nonetheless, chiral
superconducting states such as p + ip or d + id cannot be
ruled out at this stage, as they may be crucial to explain the
polar Kerr effect [16,28,29]. It is important to stress that mul-
ticomponent states such as s + idx2−y2 and dx2−y2 + igxy(x2−y2 )
preserve certain vertical mirror symmetry [30], and are thus
incompatible with the Kerr rotation. This holds even in the
presence of random disorder [29].

One approach to identify chiral pairing (e.g., px + ipy,
dxz + idyz) is to apply a perturbation that affects the px

(dxz) and py (dyz) components of the superconducting order
parameter in different manner [31]. For example, in-plane
uniaxial strain breaks the tetragonal symmetry of Sr2RuO4and
may therefore lift the degeneracy between the two com-
ponents [32]. However, the conclusion drawn from strain
measurements is not conclusive. On the one hand, muon
spin relaxation under strain indicates a splitting between an
upper superconducting transition and a lower one breaking
time-reversal symmetry [33]. On the other hand, dedicated
thermodynamic study has failed to observe any signature as-
cribable to two successive transitions [34,35], while a number
of other measurements did not reveal the expected linear cusp
associated with the purported upper transition [32,36,37].
Apart from in-plane strain, similar symmetry breaking is
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also achieved with the application of in-plane magnetic field
[38,39]. Interestingly, once again no clear secondary transi-
tion has been observed in the most up-to-date specific heat
experiment under in-plane fields [40].

Another analogous idea is to inject a supercurrent which
can also lift the degeneracy of the two chiral components. Sev-
eral previous literatures have studied the tunneling spectrum
of a single-component superconductor subject to a supercur-
rent [41,42] and the supercurrent-induced phase transitions
between different pairing states in multiband s-wave super-
conductors [43,44]. In this work, we study the effect of
in-plane d.c. supercurrent on chiral superconducting states.
While our calculations will be based on a px + ipy state,
the conclusions can be generalized to dxz + idyz and other
chiral states. Compared to the unaxial strain, supercurrent bias
may be a more advantageous perturbing probe, as the former
may suffer from strain inhomogeneity that could hinder the
identification of signatures associated with chiral pairing.

Generally speaking, the leading order impact of a super-
current J is captured by the following terms in the free energy
(assuming a charge neutral system):

(α + axJ2)|�x|2 + (α + ayJ2)|�y|2. (1)

Here, �x/y denote the two chiral order parameter components,
α and ax/y are coefficients that depend on microscopic details.
Note that the absence of terms linear in J is because super-
current flowing parallel and antiparallel to a specific direction
should have the same effect on any individual order param-
eter component in the bulk. Hence, unlike the theoretically
expected linear variation of the transition temperature with
uniaxial strain, the critical temperature Tc should follow a
quadratic dependence on small supercurrent, as will be ver-
ified in our calculations (Fig. 4).

We shall model the current-carrying state by considering
Cooper pairings that exhibit finite center-of-mass momentum
2q, i.e., a Fulde-Ferrell state [45] (with supercurrent J ∝
q). By means of self-consistent mean-field Bogoliubov-de
Gennes calculations, we then determine the phase diagram as
a function of both q and temperature. We further show that
the splitting of the two chiral components will also manifest
as two anomalies in specific heat.

Besides the bulk probe mentioned above, chiral edge
modes and spontaneous edge current are another set of phe-
nomena often associated with chiral superconductivity [46].
However, while the chiral edge modes are topologically
protected, the edge current is not [47,48]. The latter can
be sensitive to microscopic details and disorder [47,49–53],
prompting an argument that the experimental null result on
the edge current in Sr2RuO4 [54–56] can still be compatible
with a chiral superconducting state. Hence, edge current may
not serve as an effective diagnosis of chiral superconductivity.
We propose in this study an alternative diagnosis by look-
ing at the supercurrent-induced changes to the chiral edge
modes: at any edge of a chiral superconductor, left and right
supercurrents perturb the chiral edge dispersion differently,
giving rise to different corrections to the edge tunneling spec-
trum (see right panel of Fig. 1). By simple extension, similar
asymmetric supercurrent-induced correction is also expected
in the vicinity of other forms of translation symmetry breaking
perturbations, such as impurities and defects, around which

FIG. 1. Left: Sketch of a two-dimensional chiral superconductor
in the presence of an injected supercurrent (yellow arrow). The
red arrows indicate the flow of spontaneous edge current or the
group velocity of chiral edge modes. The different size of the two
red arrows reflects the unequal supercurrent-induced changes to the
spontaneous edge current and chiral edge dispersion. Right: Sketch
of the low-energy quasiparticle spectrum at one of the edges parallel
to the x direction. The in-gap chiral edge dispersion for cases without
supercurrent, with left and right supercurrent are displayed as solid,
dashed, and dotted lines, respectively. Note the continuum spectrum
in the presence of supercurrent is not sketched. The supercurrent-
induced low-energy spectral variation at any boundary can be probed
by tunneling spectroscopic techniques, such as STM and point con-
tact. Similar asymmetric response to opposite supercurrents is also
expected in the vicinity of impurities, defects, etc. (shown on left
panel).

circulating spontaneous supercurrent emerge (see Fig. 1, left
panel).

The rest of the paper is organized as follows. In Sec. II
we introduce the self-consistent mean-field formalism for
studying the effects of supercurrent. The numerical results
are presented in Sec. III. Section III A presents the q-T
phase diagram, and Sec. III B demonstrates the supercurrent-
induced splitting of the specific heat anomaly. While in
Sec. III C, we focus on the response of chiral edge modes
to supercurrent and study the distinct changes to the edge
tunneling spectrum in the presence of opposite supercurrents.
Section III B concludes the paper by discussing the iden-
tification of other time-reversal-symmetry-breaking (TRSB)
superconducting states by means of applying a supercurrent.

II. FORMALISM

In the absence of supercurrent, Cooper pairing takes place
between electrons with opposite momenta k and −k. A su-
percurrent state is described by Cooper pairings with a net
center-of-mass momentum 2q, i.e., between electrons with
momenta k + q and −k + q. Equivalently, the superconduct-
ing order parameter acquires real-space phase modulation
� → �e2iq·R [57], where R is the center-of-mass position of
the Cooper pair. Consider a simplified single-band spinless
px + ipy model on a square lattice, an effective Hamiltonian
then follows as

Ĥ =
∑

k

ξkĉ†
kĉk +

∑
k,k′

Ũk,k′ ĉ†
k+qĉ†

−k+qĉ−k′+qĉk′+q, (2)

where ξk = 2t (cos kx + cos ky) − μ is the electron dispersion
in the normal state, t is the hopping amplitude, μ is the
chemical potential, and Ũk,k′ is the effective interaction in
the p-wave Cooper channel. The effective interaction can be
decomposed as Ũk,k′ = Ũx,k,k′ + Ũy,k,k′ , where the two terms
on the right hand side are to generate px and py pairings,
respectively, and each can be written in a separable form
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Ũα,k,k′ = −Ũ0 fα,k f ∗
α,k′ (α = x, y). Here Ũ0 denotes the

strength of the effective attraction and fα,k represents the form
factor of the pα-wave pairing.

Then the chiral p-wave gap function �k = �x sin kx +
�y sin ky is determined self-consistently with initial values
(�x,�y) = (1, i)�0. The self-consistent expression is given
by

�k(q, T ) = 1

N

∑
k′

Ũk,k′ 〈ĉ−k′+qĉk′+q〉, (3)

where N is the number of unit cells, and 〈· · · 〉 denotes the
expectation value in the ground state. By utilizing (3), we are
able to examine how the amplitude of the order parameter, de-
noted as �x and �y, varies with temperature and supercurrent.
The expression for these variations is determined by

�α (q, T ) = 1

N

∑
k

Ũα fα〈ĉ−k+qĉk+q〉. (4)

Here, fα = sin kα for pα-wave pairing, and we set Ũx =
Ũy = Ũ0. Different phases can be determined based on these
variations.

Furthermore, the mean-field Hamiltonian is given by

Ĥ =
∑

k

ξk+qĉ†
k+qĉk+q

+
∑

k

(�kĉ†
k+qĉ†

−k+q + H.c.) + N |�k|2
Ũ0

, (5)

and it can be also expressed by a matrix in the Nambu basis
�k = (ĉk+q, ĉ†

−k+q)t as follows:

Hk(q) =
(

ξk+q �k

�∗
k −ξ−k+q

)
. (6)

Hence, the quasiparticle energy can be derived from the
Hamiltonian as

Ek,±(q) = 1
2 (ξk+q − ξ−k+q)

±
√[

1
2 (ξk+q + ξ−k+q)

]2 + |�k|2. (7)

At small q, the above expression can be approximated as
Ek,±(q) � k · q/m ±

√
ξ 2

k + |�k|2 � vF · q ±
√

ξ 2
k + |�k|2.

This dispersion includes a Doppler shift in the continuum
limit [58], and it is no longer symmetric along E = 0 due to
the presence of a supercurrent.

Throughout the study, we do not take into account the
screening effects in a charged superfluid. However, all of the
major conclusions are expected to uphold qualitatively.

III. NUMERICAL RESULTS

A. Phase diagram

To simplify notation, we take h̄ = c = kB = e = 1.
Through all calculations, we assume t = 1 and take the su-
percurrent to flow along the x direction, q = (qx, 0).

Figures 2(a) and 2(b) show a representative set of zero-
temperature results for px-wave, py-wave, and px + ipy

pairings. One noteworthy feature is the distinct response of
the order parameter in the single-component px- and py-wave

FIG. 2. The variation of self-consistent order parameters (upper
panel) and free energy (lower panel) as a function of qx at zero
temperature. Note that the label in each case denotes the correspond-
ing initial order parameter configuration, which does not necessarily
coincide with the final self-consistent configuration. The reference
energy scale is chosen to be t = 1. The left and right panels show
results for different chemical potentials, μ = 1 and μ = 3, respec-
tively. In each case the strength of the pairing interaction Ũ0 is chosen
such that the self-consistent pairing amplitude �0 = 0.1 in the pure
px- or py-wave states. These calculations are performed in the k space
with a size of N = 1000 × 1000.

states to supercurrent. In particular, while the px-wave order
parameter �x barely changes with increasing qx prior to a
first order transition beyond which it vanishes, �y varies more
drastically as a function of qx. This distinction can be at-
tributed to the rather different supercurrent-induced correction
to the quasiparticle spectrum, which happens in conjunction
with the different nodal position of the individual gap func-
tions [42]. The px pairing has its nodal points at k = (0,±kF ),
hence the Doppler shift at the nodal momenta is δEk ≈
k · q/m = 0. For py pairing, the nodal points are located at
k = (±kF , 0), hence δEk ≈ kF qx/m. At the special chemical
potential μ = 0 in our particle-hole symmetric square lattice
model, the four nodal momenta of px and py pairings coincide.
We have checked that the two order parameters vary in very
much similar fashion in that special case. The above behavior
of �x and �y does not necessarily carry over to the two-
component px + ipy calculations at finite temperature, due to
the change of gap structure. For example, at low but finite tem-
peratures and small qx, �x in the px + ipy state could change
more rapidly than �y does as a function of qx [Fig. 3(a)],
unlike in the single-component calculations [Fig. 3(b)].

In the presence of a supercurrent, it is not known a priori
whether chiral p-wave will be energetically more favorable
than the nonchiral single-component px-wave and py-wave
pairings. Furthermore, it is unclear whether self-consistent
iterations with an initial chiral p-wave pairing condition can
return the correct lowest energy state at large supercurrent.
This can be seen in Figs. 2(a) and 2(b). On the one hand,
the relative robustness of single-component px (�x) and py

(�y) pairings against supercurrent varies with model detail,
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FIG. 3. The evolution of self-consistent order parameters as a
function of qx at different temperatures for calculations with different
initial superconducting order parameter configurations: (a) px + ipy

and (b) px/y wave. The chemical potential is set at μ = 1, while other
parameters are the same as in Fig. 2(a).

i.e., chemical potential at μ = 1, �x persists to stronger su-
percurrent, and it is the other way around at μ = 3. On the
other hand, in chiral p-wave calculations, �y in general seems
to survive up to stronger supercurrent than �x does. Hence,
self-consistent calculations with initial chiral p-wave condi-
tion may in some circumstances obtain states that are not
lowest energy, as exemplified in Fig. 2(c). We thus consider all
three different initial conditions, and compare their final self-
consistent free energy F (qx, T ) = 〈Ĥ〉 to determine the phase
diagram. The qx-T phase diagrams of the above calculations
are shown in Fig. 4. At finite qx, the two order parameter
components generically onset at different temperatures. In
most regimes, �y is more robust against supercurrent, fol-
lowed by a pure �x state at lower qx, before eventually giving
way to the two-component chiral p-wave state at even lower
qx. However, due to the above-mentioned subtle dependence
on microscopic parameters, in the case of μ = 1 and at low
temperatures and large qx, �x persists to higher qx and no pure
�y exists [Fig. 4(a)].

B. Specific heat

At intermediate supercurrent, both order parameter com-
ponents are finite at zero temperature and their transitions
split [e.g., Fig. 5(a)]. In principle, the onset of the secondary
order parameter component shall manifest as a change in
the superfluid density or the magnetic penetration depth,
which can be detected by scanning SQUID experiments [35].
The second transition shall also naturally emerge as a spe-
cific heat anomaly, as we numerically verify in this section.

FIG. 4. The qx-T phase diagram determined by free energy cal-
culation at chemical potentials (a) μ = 1 and (b) μ = 3. Parameters
are the same as in Fig. 2.

FIG. 5. The evolution of self-consistent order parameters (a) and
the specific heat (b) as functions of temperature in the chiral p-wave
model with μ = 1, considering different supercurrent momenta. Pa-
rameters are the same as in Fig. 2.

We evaluate the specific heat according to the thermody-
namic relation CV (T ) = T ∂S(T )/∂T . Here, S(T ) represents
the temperature-dependent entropy of the system, which can
be derived from the partition function as follows:

S(T ) = −∂G

∂T
, G = −T ln tr(e−βĤ ). (8)

Given the Hamiltonian (5), the definition (8) yields the fol-
lowing expression for S(q, T ):

S(q, T ) = −
∑

k,ζ=±
{[1 − f (Ek,ζ (q))] ln(1 − f (Ek,ζ (q)))

+ f (Ek,ζ (q)) ln f (Ek,ζ (q))}, (9)

where f (E ) = 1/(eβE + 1) denotes the Fermi-Dirac distri-
bution function and Ek,±(q) has been defined in Eq. (7).
Figure 5(b) presents the temperature dependence of the spe-
cific heat for scenarios without and with supercurrent. In the
latter scenario, a smaller but genuine anomaly emerges at the
onset temperature of the secondary superconducting compo-
nent shown in Fig. 5(a).

In practice, specific heat measurement of a sample in a
setup with externally applied current may be challenging. In
particular, as the sample is thermally connected to an external
heat source via the electrodes through which the external
current is applied, heat exchange near the electrode contacts
cannot be circumvented. It is thus necessary to minimize the
thermal contact by using, for example, thin and long gold
or platinum wires for the electrodes. In addition, above the
superconducting transition, the resistive sample is also heated
on its own by the application of external current. To avoid
this complication, it is better to perform the measurement
from low to high temperatures. An alternative approach which
can avoid the thermal contact issue is by using ring-shaped
samples. In this setup, supercurrent can be induced by thread-
ing a flux through the ring. In short, we expect that specific
heat measurement in the presence of supercurrent should be
feasible with deliberate experimental design.

C. Edge modes

The topologically nontrivial px + ipy state supports gap-
less chiral edge modes at the boundaries. This section focuses
on how these edge modes are affected under the influence of
the supercurrent. To analyze the behavior of the edge modes,
we first take a continuum model and solve for the edge states
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at an open boundary parallel to x axis. In this geometry, the y
component of the wave vectors are no longer good quantum
numbers. Making the substitution ky → −i∂y, the Hamilto-
nian given in (6) becomes(

1
2m

[
(kx + qx )2 − ∂2

y

] − μ �x
kF

kx + �y

kF
∂y

�x
kF

kx − �y

kF
∂y − 1

2m

[
(kx − qx )2 − ∂2

y

] + μ

)
.

(10)

In the case of small supercurrent, i.e., qx/m � vF , we can
simplify the Hamiltonian by neglecting the second-order term
q2

x . This allows us to rewrite the Hamiltonian as two distinct
parts:

Hkx (qx ) = H1,kx + kx

m
qxσ0 with (11)

H1,kx =
[

1

2m

(
k2

x − ∂2
y

) − μ

]
σ3 + �x

kF
kxσ1 + i�y

kF
∂yσ2,

(12)

where σμ denotes the Pauli matrix.
We note that H1,kx remains independent of qx and repre-

sents the original Hamiltonian without supercurrent, whose
solutions of edge modes are well documented in previous
literature. The chiral edge dispersion is given by

Eedge,kx (qx = 0) = �x

kF
kx. (13)

These states propagate unidirectionally at the boundary. For
the time-reversed px − ipy state, the above dispersion acquires
a minus sign and the propagation also switches direction. At
finite qx, we see from (11) that the slope of the edge dispersion
is changed by qx/m,

Eedge,kx (qx ) =
(

�x

kF
+ qx

m

)
kx. (14)

Reversing the supercurrent leads to an opposite change of
slope, as depicted in the right panel of Fig. 1.

To verify the above semiclassical analysis, we perform
numerical simulation of our square lattice model in a stripe
geometry, with open boundaries in the y direction and periodic
boundary condition in the x direction. For each supercurrent
qx, the Hamiltonian can be written as

Ĥ =
∑
kx,iy

[2t cos(kx + qx ) − μ]ĉ†
kx,iy

ĉkx+qx,iy

+
∑
kx,iy

(
t ĉ†

kx+qx,iy+1ĉkx+qx,iy + H.c.
)

+
∑
kx,iy

(
�x sin kxĉ†

kx+qx,iy
ĉ†
−kx+qx,iy

+ �yĉ†
kx+qx,iy+1ĉ†

−kx+qx,iy

− �yĉ†
kx+qx,iy−1ĉ†

−kx+qx,iy
+ H.c.

)
. (15)

Figure 6 compares the low energy spectrum of the above
model for zero and finite qx. As the chiral edge modes at
the two open boundaries propagate in opposite directions, the
supercurrent alters the slope of the two edge dispersions in
opposite manners [Fig. 6(b)], which is consistent with the

FIG. 6. Dispersion of chiral p-wave models in a stripe geometry
with periodic boundary conduction in the x direction (a) without
supercurrent, i.e., qx = 0, and (b) with finite supercurrent given by
qx = 0.1. The red and green solid curves represent the chiral edge
dispersions at opposite edges. In panel (b), the red and green dashed
curves depict the chiral edge dispersion for the case when qx = 0.
In these calculations, we take μ = 1 and the interaction strength is
Ũ = −2.3.

above semiclassical expectation. Note that signatures of edge
modes in Sr2RuO4have been reported in some tunneling spec-
troscopic studies [59,60], although those data cannot confirm
whether the pairing is chiral in nature.

The peculiar response of chiral edge modes to opposite su-
percurrents naturally manifests as distinct changes in the edge
tunneling spectrum. Figure 7 shows the local density of states
averaged over multiple sites in the vicinity of the two edges
in the presence and in the absence of a supercurrent. Note
that the lower edge result is equivalent to the upper edge one
but with the supercurrent reversed. The difference is clearly
discernible. In particular, compared to the qx = 0 case, the
in-gap spectrum is shifted upward or downward, depending on
the sign of qx. This is consistent with the change of the slope

FIG. 7. The averaged LDOS of five sites near two opposite edges
in the presence of a supercurrent with qx = 0.1. The upper and
lower edges are as illustrated in Fig. 1. At one edge, the applied
supercurrent is parallel to the unidirectional propagation of chiral
edge modes, and at another edge it is antiparallel. Note that the lower
edge result is equivalent to the upper edge one in the presence of
an opposite supercurrent. For comparison, the qx = 0 curve shows
the edge tunneling spectrum for qx = 0. The system consists of
Ny = 200 lattice sites in the y direction, and the parameters used are
the same as in Fig. 6(b).
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of the edge dispersion, as described in (14). Some additional
differences, which are model dependent, can also be seen in
the spectrum above the gap edge. The above results could
provide a diagnosis for the chiral pairing, possibly more effi-
cient than the experimental attempts to probe the spontaneous
chiral edge current. This is because the spontaneous current in
real samples could be rather small, hence the magnetic field
generated by the spontaneous current could potentially be too
weak to register a signal in actual experiments [54–56].

In fact, the asymmetric supercurrent-induced corrections to
the local density of states is not limited to sample edges. It is
also expected in the vicinity of impurities, dislocations, or any
other forms of crystalline defects around which spontaneous
current may emerge (sketched on the left panel of Fig. 1).

IV. SUMMARY AND FURTHER REMARKS

In this study, we proposed to examine the possible chiral
superconductivity in Sr2RuO4 and other materials through the
application of a supercurrent. Akin to the effect of in-plane
uniaxial strains and in-plane magnetic fields, supercurrent
generically lifts the degeneracy of the two chiral super-
conducting order parameter components, giving rise to two
superconducting transitions with observable thermodynamic
and magnetic signatures. Moreover, opposite supercurrents in-
cur distinct modifications to the unidirectionally propagating
chiral edge modes and their tunneling spectra. We discussed
possible measurements to detect these supercurrent-induced
changes. While these results were obtained from single-band
calculations, the conclusions hold for more general multiband
systems.

Note that our calculations have not accounted for the vor-
tices generated by the supercurrent. Nonetheless, the conclu-
sions are expected to hold even when those physics are con-
sidered. For example, while vortices drifting in supercurrent
may give rise to fluctuating edge tunneling spectrum, the

time-averaged spectra obtained under opposite supercurrents
will likely still show a discernible difference. We also take
note of the stable tunneling spectra obtained in a conventional
superconductor subject to a bias supercurrent [41]. Our study
shall also apply to the chiral dxz + idyz state and the nonuni-
tary mixed helical p-wave pairings [61]. The latter essentially
consists of two copies of chiral p-wave pairing with opposite
chirality and unequal gap amplitudes (thus referred to as chi-
rallike states).

The subgap edge modes and spontaneous edge current may
also appear in nonchiral but TRSB multicomponent supercon-
ducting states. In fact, some of such states have been impli-
cated in recent ultrasound measurements [26,27]. The same
boundary phenomenology, including the supercurrent induced
effects discussed above, may also occur at certain boundaries
for such states. For example, they can appear in s + idxy and
dx2−y2 + igxy(x2−y2 ) states on a square lattice at edges parallel
to the x or y direction, but not at edges parallel to diagonals
of the lattice [62]. Thus, the dependence on edge orientation
may help to distinguish chiral and nonchiral TRSB states, in
addition to the polar Kerr effect measurement [16,61].
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