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Ground-state phase diagram and parity-flipping microwave transitions in
a gate-tunable Josephson junction
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We probed a gate-tunable InAs nanowire Josephson weak link by coupling it to a microwave resonator.
Tracking the resonator frequency shift when the weak link is close to pinch-off, we observe that the ground state
of the latter alternates between a singlet and a doublet when varying either the gate voltage or the superconducting
phase difference across it. The corresponding microwave absorption spectra display lines that approach zero
energy close to the singlet-doublet boundaries, suggesting parity-flipping transitions, which are in principle
forbidden in microwave spectroscopy and expected to arise only in tunnel spectroscopy. We tentatively interpret
them by means of an ancillary state isolated in the junction acting as a reservoir for individual electrons.
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I. INTRODUCTION

Particle number parity effects are widespread in meso-
scopic superconductivity [1,2]. They appeared in circuits
containing small metallic superconducting islands [3–7] and
in semiconductor-superconductor hybrids, like a quantum dot
coupled to superconducting electrodes through tunnel barriers
[8]. In these systems, the electrodynamics depends crucially
on charging effects in the island or the quantum dot [9].
More recently, parity effects were shown to arise in meso-
scopic Josephson weak links, structures containing no island
or quantum dots and therefore no significant charging en-
ergy. Here, the physics is understood in terms of a few
Andreev bound states (ABSs), subgap localized quasiparticle
states with energies governed by the superconducting phase
difference across the weak link. The odd or even many-
body occupations of these states result in markedly different
weak link electrodynamic properties. They are probed us-
ing microwave circuit-QED (cQED) techniques, microwave
absorption spectroscopy, quasiparticle addition spectroscopy,
and combinations of them [10–13]. In the case of infinitely
short weak links, realized with atomic contacts between two
superconducting leads [14], all the observed features are
explained in terms of noninteracting junction models [15].
There is also a wealth of experimental results on gate-tunable,
finite-length weak links, based on semiconducting nanowires
and which are also described in terms of ABSs [16–21].
There is recent evidence that in these weak links, even with
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well-transmitted conduction channels, interactions play a role,
albeit just as a small perturbation [22,23]. When approach-
ing pinch-off in the same devices, one expects quantum-dot
physics to become relevant and influence the parity dynamics.

Here, we present cQED measurements on gate-tunable
InAs nanowire weak links [24] close to pinch-off. We observe,
both as a function of gate voltage and phase difference, fea-
tures that we associate with transitions between ground states
of different parity, like what is observed in quantum dots.
Remarkably, the corresponding microwave absorption spectra
exhibit transition lines that, as a function of gate voltage,
bear a close resemblance with those typically observed in an
addition spectrum [12,25] and therefore seem to couple states
of different parities, a forbidden process in photon absorption
spectroscopy. We interpret these results as revealing the pres-
ence of an ancillary, weakly coupled quantum level, which
allows mimicking parity transitions on the main transport
channel without a change in the global parity.

II. BASIC CONCEPTS

When a few-channel conductor connects two supercon-
ductors in a phase-biased configuration, various regimes are
encountered depending on the relative size of the coupling to
the leads �, the Coulomb repulsive energy U , and the super-
conducting gap � [2,26]. In the limit of large coupling, the
system is well described by electrons and holes bouncing back
and forth between the electrodes, with Andreev reflections
at each interface, giving rise to supercurrent-carrying ABSs
[27–29]. The opposite limit is that of a quantum dot weakly
coupled to the superconducting leads, usually described us-
ing a single-level Anderson impurity model [26,30–39], as
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FIG. 1. (a) Scheme of the superconducting single-level Anderson
model. (b) The four states correspond to the possible occupancies of
the quantum-dot level. (c) Phase diagram for model in the infinite
gap limit. (d) Black curve represents the energy ET of the transition
|g〉 → |e〉, with |g〉 and |e〉 the ground and excited states in the even
parity sector, for a given �(δ) represented as a horizontal dotted line
in (c). The dashed part of the curve should not be visible in the zero
temperature limit, as it corresponds to the odd ground-state region.
States |g〉 and |e〉 are linear combinations of the dot states |0〉 and
|↑↓〉, hybridized by the effective pairing �(δ). Blue and magenta
straight lines correspond to the limiting cases when �(δ) = 0.

schematically presented in Fig. 1(a). The energy ε of the dot
level (referred to the Fermi level of the leads) can be tuned by
means of an electrostatic gate. In the absence of a magnetic
field, the level is spin-degenerate, and the four possible dot
states |0〉, |↑〉 , |↓〉, and |↑↓〉 shown in Fig. 1(b), characterized
by the level occupation, split into two categories. When the
dot occupancy is even (states |0〉 or |↑↓〉), the corresponding
energies are 0 and 2ε + U . When the occupancy is odd, the
spin-degenerate state |σ 〉 has energy ε. One finds that the
ground state of the dot is odd if −1 < ε/U < 0, and it is
even otherwise [see Fig. 1(c)]. Increasing the coupling to the
superconducting leads favors a singlet superposition of the
even states |g〉, while gradually diminishing the extension of
the odd (doublet) ground state in the phase diagram. This
effect is most simply captured in the infinite gap limit, where
the effective pairing is given by �(δ) = �Leiδ/2 + �Re−iδ/2,
with �L,R the tunneling rates to the left and right leads and
δ the superconducting phase difference between the two leads
[26,40]. This behavior has been investigated in a number of
works [12,16,25,41–44] and revived by recent experiments
using microwave techniques [23,45,46]. Finally, Fig. 1(d)
shows the ε dependence of the transition energy from the even
ground state |g〉 toward the even excited state |e〉.

III. EXPERIMENTAL RESULTS

The experimental setup is schematized in Fig. 2(a). An
InAs nanowire weak link is placed in a superconducting loop
threaded by a magnetic flux �. The phase difference δ across
the weak link is given by δ = 2π�/�0, with �0 = h/2e
the flux quantum. The wire is suspended over a metallic

FIG. 2. (a) Schematic of the measurement setup with scanning electron microscopy (SEM) image (scale bar, 200 nm) of the InAs nanowire
weak link. fm is the measurement frequency, Vg the gate voltage, and fd the drive frequency applied to the gate electrode through a bias tee in
two-tone spectroscopy measurements. � is the magnetic flux related to phase difference δ by δ = 2π�/�0, with �0 = h/2e the flux quantum.
(b) 2D grayscale map of the amplitude of reflection coefficient |S11| plotted as a function of δ fm = fm − f0 and Vg, at phase difference δ = π .
(c) Upper panel: A higher-resolution 2D grayscale map of the single-tone spectrum |S11|(Vg, δ fm ) at δ = π in the highlighted region of (b).
Lower panel: Corresponding 2D map of |S11|(Vg, δ fm ) at δ = 0. (d) 2D grayscale map of |S11| plotted as a function of δ fm [as in (b) and (c)]
and phase difference (δ/π ) at several gate voltages (Vg = −11.63,−11.615,−11.6, and −11.575 V) marked by vertical ticks in (c) sharing the
same color as the squares at the bottom right of the corresponding panels in (d).
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gate, biased at voltage Vg, which allows us to control the
electron density. The loop participates in the inductance of
a quarter-wavelength coplanar wave-guide resonator made
out of NbTiN. The occupation of the Andreev states in
the nanowire is inferred from the (complex) reflection co-
efficient of a microwave tone at frequency fm close to the
bare resonance frequency f0 = 7.00 GHz of the resonator
measured when the weak link is fully depleted. The total
quality factor of the resonator is Q = 23 000. A second tone
(drive tone) with frequency fd , applied through the gate
line, allows probing the absorption excitation spectrum of
the weak link. A detailed discussion of measurement setup
and device fabrication is presented in Supplemental Material
(SM) [47].

First, we present the single-tone measurements of the
reflection coefficient S11. The amplitude |S11(δ fm)|, where
δ fm = fm − f0, is presented as a function of Vg in Fig. 2(b).
Dark lines mark minima of |S11| associated with the reso-
nance frequency of the resonator modified by the occupation
of Andreev states in the weak link. Highly dispersing lines
can be related to pair transitions with gate-modulated tran-
sition energies [38,39,48,49]. When Vg approaches −12 V,
the oscillations of the resonance frequency fade away, mark-
ing the complete depletion of the nanowire. All along the
scan, one also observes a weak resonance at δ fm ≈ 0,

which corresponds to a state very weakly coupled to the
resonator [48].

Unique jumps in the resonance frequency are observed
close to pinch-off in the single-tone data in Fig. 2(b). One
such region is highlighted by a red rectangle around Vg =
−11.6 V. A higher-resolution measurement of single-tone
spectra around this highlighted region at δ = π is shown in the
upper panel of Fig. 2(c). Similar jumps are observed for δ = 0,
as shown in the lower panel of Fig. 2(c). The central plateaus
in both plots correspond to resonance frequencies very close
to the bare resonance frequency f0, whereas the outer re-
gions appear at fm < f0 for δ = π and at fm > f0 for δ = 0.
To better understand these behaviors, two-dimensional (2D)
grayscale maps of |S11| as a function of phase difference δ and
frequency δ fm are plotted in Fig. 2(d), at several gate voltages.
At Vg = −11.63 V (top left), we observe a single transition
frequency strongly dispersing with phase, which is expected
for the supercurrent-carrying even (singlet) ground state in the
single-level Anderson model. In contrast, at Vg = −11.575 V
(bottom right), the resonance frequency is almost phase inde-
pendent and lies very close to δ fm = 0, close to behavior of
an odd (doublet) ground state with suppressed supercurrent.
From these observations, we infer that a strong signal on the
central plateau of the resonances in Fig. 2(c) corresponds to
an oddlike ground state and that a strong signal on the outer
regions corresponds to an evenlike ground state. As can be
seen from the top-right and bottom-left panels of Fig. 2(d),
at intermediate gate voltages, we observe either one or two
resonance frequencies depending on phase, which indicate a
phase diagram of the singlet/doublet ground states that not
only depends on Vg but also on the phase difference δ [23,45].

The single-tone results shown in Fig. 2 are measurements
of S11 averaged over a long (33 µs) duration at a given fm. It
reflects the different values, corresponding to different ABS
occupations, taken by S11 during the averaging time. Infor-

FIG. 3. (a) Histogram of 50 000 measurements of S11 at a fixed
measurement frequency close to f0 in the IQ plane, at gate voltages
Vg = −11.556, −11.546, and −11.53 V, respectively. Each mea-
surement produces mean I and mean Q over a 500 ns measurement
duration. (b) Population of oddlike state Po (green) and evenlike state
Pe (red) are plotted as a function of Vg at δ = π . (c) 2D color map of
polarization Po − Pe plotted as a function of Vg and δ/π . (d) Po and
Pe plotted as a function of Vg at δ = 0.

mation about the ABS occupation dynamics can be accessed
by performing a series of successive short measurements of
S11. We performed 50 000 measurements of S11 at a frequency
close to f0, with a time per point of 500 ns, each measurement
producing a mean value of real (in-phase, I) and imaginary
(quadrature, Q) components. Using these 50 000 I and Q data,
we plot histograms in the IQ plane, as shown in Fig. 3(a),
at three settings of Vg around one of the regions where we
observe the jump in resonance frequency in Fig. 2(c). We
observe two clouds in the IQ plane, which correspond to
the lower-energy even and odd states of the weak link. By
using a Gaussian mixture model (GMM) [50], we extracted
the population of the two states (Po and Pe correspond to
populations of the oddlike and evenlike states, respectively) as
a function of Vg at δ = π [Fig. 3(b)] and at δ = 0 [Fig. 3(d)].
The Vg region for which the oddlike state is observed is larger
at δ = π than at δ = 0. In Fig. 3(c), we show the 2D color map
of polarization Po − Pe as a function of Vg and δ, showing the
full phase diagram of the singlet-doublet phase transition. In
the region around δ/π ∼ 0.5, the clouds overlap, and GMM
prediction does not work. The procedure also fails when only
one state is visible (strong polarization).

Lifetimes of the singlet and doublet states can be evaluated
by performing a continuous version of the above measure-
ment, which is presented in detail in the SM [47]. When
the population of one of the states is ∼1, we observed its
lifetime to be of the order of a millisecond with the lifetime
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FIG. 4. (a) 2D grayscale map of single-tone spectrum |S11|(Vg, δ fm ) at δ = π . (b) and (c) 2D color map of δI and δQ components of the
two-tone spectroscopy, respectively, plotted as a function of drive frequency fd and Vg, at δ = π . (d) Polarization Po − Pe plotted as a function
of Vg. Polarization = −1 (red dashed line) implies fully evenlike ground state, polarization = 1 (green dashed line) implies fully oddlike
ground state. (e)–(h) Same as (a)–(d) at δ = 0. (i) Duplicate of (b), where the four transitions T1 (red), T2 (green), TA (blue), and TB (cyan)
are highlighted by dashed lines at δ = π . (j) Duplicate of (g), where the TA (blue) and TB (cyan) are highlighted by dashed lines at δ = 0.

of the other state being a few microseconds, like an earlier
experiment [45].

The observations from Figs. 2 and 3 can be qualitatively
understood by the fact that, close to the pinch-off, the cou-
pling of the weak link to the superconducting leads can be
significantly reduced, so that it behaves like a quantum dot.
The system can then be modeled by a single-level Anderson
model, which in the infinite gap limit produces the phase
diagram of singlet-doublet ground states shown in Fig. 1(c)
[39,40]. In our experiment, the gate voltage mainly tunes the
position of the energy level, whereas the phase difference
between the superconducting leads tunes the effective cou-
pling �(δ) = �Leiδ/2 + �Re−iδ/2. The fact that �π = �L − �R

is lower in magnitude than �0 = �L + �R explains why the
doublet is observed over a larger range of Vg at δ = π than at
δ = 0.

We now present the two-tone spectroscopy results, which
are measurements of the change in the reflection coefficient
S11 at a fixed frequency fm in the presence of a drive tone with
variable frequency fd . For a given fd , the I and Q components
of S11 are measured both when the drive is on and off, and the
differences δI and δQ are recorded. In Figs. 4(b) and 4(c),
we show the 2D color map of δI and δQ as a function of
Vg and fd , at phase difference δ = π . We use the 2D color

map of δI in Fig. 4(i) to highlight with dashed curves the
four transitions that we will be discussing in the following.
Transitions T1 and T2 (red and green) have rounded min-
ima at finite frequency. This behavior is generic in Andreev
nanowire weak links [19,51]. In contrast, transitions TA and
TB, which reach zero frequency (within experimental accu-
racy) with cusps, are anomalous, and we observe them only
near pinch-off. They resemble tunneling spectroscopy data
in superconducting quantum dots, where they are associated
with a quantum phase transition between even and odd ground
states [12]. In addition, TA and TB correspond to population
transfer between the even and odd clouds shown in Fig. 3(a)
(more details in the SM [47]). As will be discussed in Sec. III,
we could reproduce them by introducing an ancillary level
to the single-level Anderson model. In Figs. 4(a) and 4(d),
we plot the single-tone spectrum and polarization Po − Pe,
respectively, as a function of Vg at δ = π . Interestingly, TA and
TB intersect at the gate voltages very close to the singlet-to-
doublet phase transition points, i.e., around the gate voltages
where the polarization changes sign.

When changing the phase from π to 0, line TB changes
but still exhibits cusps at zero frequency, while TA shifts up
and does not reach zero frequency any longer, as shown in
Figs. 4(e)–4(h) and 4(j).
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FIG. 5. (a) 2D grayscale map of single-tone spectrum
|S11|(δ, δ fm ) at gate voltages Vg = −11.56, −11.555, −11.55,
−11.545, and −11.54 V, respectively [marked as colored vertical
lines in Figs. 3(b) and 3(c)]. (b) 2D color maps of two-tone spectrum
δa(δ, fd ). (c) Polarization Po − Pe as a function of δ, measured
between 0 and π . Missing data at certain values of δ correspond
to situations where the Gaussian mixture model (GMM) prediction
does not work.

Now we present the phase dependence of the two-tone
spectra at several gate voltages in Fig. 5(b), together with
the corresponding single-tone measurements in Fig. 5(a) and
polarization in Fig. 5(c). The color code of the 2D color maps
in Fig. 5(b) represents the amplitude (δa) of the shift of S11 in
a δ-dependent phase direction in the IQ plane, such that the
contrast of TA is maximized (more details in the SM [47]). In
the right half of each panel of Fig. 5(b), the TA and TB are
highlighted with dashed lines with same colors as Figs. 4(b)
and 4(f), i.e., blue and cyan, respectively. For the five gate
voltages shown in Fig. 5, the single-tone data in Fig. 5(a) as
well as the corresponding population data in Fig. 5(c) show
the gradual shrinking of the region for which the oddlike
ground state is observed. The spacing between the crossing
points of TA and TB also follows a similar decreasing trend.
These observations are consistent with the theoretical model
discussed below.

IV. ANCILLARY-LEVEL MODEL

We now focus on the two lowest transition lines (TA and
TB) vs gate voltage in the range where they exhibit cusps with
cusps close to zero drive frequency (Fig. 4). A possible expla-
nation for these cusps is the occurrence of replicas involving
the absorption or emission of a resonator photon with energy
h fr , thus appearing at energies ET ± h fr , where ET is the bare
transition energy. In the case where ET < h fr and there is

FIG. 6. Upper row: Lowest many-body energies of the
ancillary level model over the position ε of the main channel
level, at phase differences (a) δ = π and (b) 0. Energies are
plotted with a global shift of ε and indicate even (odd) global
parity with red (green) color, and empty (filled) occupation
in the ancillary level with solid (dashed) lines (second entry
of ket |M, A〉). Inset in (b) represents the mechanism of local
parity flip. Lower row: Corresponding global parity-conserving
transitions. Vertical dotted lines are placed at the singlet/doublet
boundaries in the main channel (black) and at the crossings between
states with the same global parity (red/green). Parameters are
chosen to qualitatively reproduce the two-tone measurements
in Fig. 4 around the gate range Vg ∈ [−11.65, −11.50] V
(see SM [47]): �L = 2.5, �R = 8, εA = 5, and U = 26
(units in GHz).

a significant population in the excited weak link state, there
would also appear transition lines with energy −ET + h fr

corresponding to the excitation of a resonator photon with re-
laxation in the weak link. This set of replica lines gives rise to
cusps when ET crosses h fr . However, in our case, the replica
mechanism should be discarded for the following reasons. On
the one hand, if one of these anomalous transitions were a
replica of the other one (as their constant vertical separation
∼11 GHz in frequency suggests), one would still need to
explain the appearance of cusps in the other anomalous line.
Moreover, the constant shift ∼11 GHz should correspond to
one spurious resonator mode, which is not visible in the spec-
tra. On the other hand, the anomalous lines cannot be replicas
of transition lines T1 and T2, as illustrated in Fig. S9 in the
SM [47]. Ultimately, the highly symmetric disposition of the
cusps and their proximity with the singlet-doublet boundaries
hint at a different mechanism.

Indeed, when just one line is considered, its cusps close to
the singlet-doublet boundaries suggest that it connects the sin-
glet with the doublet states, as their energy difference crosses
zero at the boundaries. Connecting singlet to doublet states
when exciting with microwaves is forbidden because parity
should be conserved. However, the situation changes if an an-
cillary dot level A, weakly coupled to the main channel M, is
added to the model [see inset in Fig. 6(b)]. This configuration
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allows us to explain the other line as well and has already been
used to describe some transport experiments in semiconduct-
ing nanowire Josephson junctions [52]. We model it with a
Hamiltonian H = HM + HA such that

HM =
∑

σ

εd†
σ dσ + Un↑n↓ + (�(δ)d†

↑d†
↓ + H.c.), (1)

where d†
σ creates an electron with spin σ on the dot and

nσ = d†
σ dσ , corresponds to the infinite gap Anderson model

described above; and

HA =
∑

σ

εAd†
Aσ dAσ + UAnA↑nA↓ + (tAd†

Aσ dσ + H.c.) (2)

describes the ancillary dot level εA, weakly coupled to the
main channel by a vanishing tunnel amplitude tA and endowed
with a charging energy UA that forbids its double occupation.

When restricted to the main channel, the lowest-energy
levels in each parity sector even (E) and odd (O) are

|E〉M = u |0〉M − veiθ |↑↓〉M → EE = ξ −
√

ξ 2 + |�(δ)|2,
|O〉M = |σ 〉M → EO = ε, (3)

with ξ = ε + U/2, u(v) = 1√
2

√
1 ± ξ/

√
ξ 2 + |�(δ)|2 and

eiθ = �(δ)/|�(δ)|. The corresponding energies as a function
of ε are shown with red (even) and green (odd) solid lines
in Fig. 6(a) (δ = 0) and Fig. 6(b) (δ = π ), whose crossings
indicate a parity switch of the ground state (vertical black
dotted lines).

When the ancillary state is introduced (|E〉A = |0〉A,
|O〉A = |σ 〉A), for vanishing tA, the many-body energy levels
of the whole system |M, A〉 are

|E, E〉 → EE , |E,O〉 → EE + εA,

|O, E〉 → EO, |O,O〉 → EO + εA, (4)

which coincide with those in the main channel if the ancillary
level is empty and are shifted by εA if it is occupied (we
consider that the gate voltage in the analyzed range only tunes
the main chain level ε and barely affects εA). These states
with the occupied ancillary level switch the global parity with
respect to the parity in the main channel and are indicated
with dashed lines in Figs. 6(a) and 6(b). It should be noted
that the vanishing coupling of the ancillary level to the super-
conducting leads renders the resonator quite insensitive to its
occupation; thus, the single-tone measurements mainly probe
the population in the main channel.

The corresponding global parity-conserving transitions of
the whole system are shown in Figs. 6(c) and 6(d). As in
the two-tone measurements in Fig. 4, they are shifted (or
reflected over E = 0) by a constant, which in the model is
2εA. In addition, they intersect close to the singlet-doublet
boundary of the main channel, and they may exhibit sharp
cusps at its sides, depending on the number of crossings be-
tween states with the same global parity (vertical red/green
dotted lines). To observe these transitions, a finite popula-
tion in the lowest-energy states of both global parity sectors
is needed, and this requires a finite poisoning in the main
channel or in the ancillary level depending on the position of
the gate.

FIG. 7. (a)–(e) Frequency shift over the phase difference for a
set of values of the main channel level ε’s, corresponding to the
colored markers in Fig. 6, following qualitatively those from Figs. 4
and 5. (f)–(j) Associated lowest global parity-conserving transitions.
Parameters and vertical lines as in Fig. 6, and the coupling with
resonator is set to λ = 0.015.

The phase dependence of the transitions for several values
of the main channel level, denoted with color markers in
Fig. 6, is shown in Figs. 7(f)–7(j). These results demonstrate
that the model can account for the evolution of the experimen-
tal transition lines in Fig. 5(b). First, in Fig. 7(f), ε is placed
at the singlet-doublet boundary at δ = 0 [see black marker in
Fig. 6(d)] and to the right of the dip in the global even sector
at δ = π [black marker in Fig. 6(c)]. Next, the level position is
raised up until the singlet-doublet boundary at δ = π is almost
reached in Fig. 7(h) [green marker in Fig. 6(c)]. Finally, the
dip in the global odd sector at δ = 0 occurs for ε values
between those in Figs. 7(i) and 7(j), the latter being placed
a bit to the left of the odd dip at δ = π .

The corresponding resonator shift δ f for the two lowest
levels in each parity sector is shown in Figs. 7(a)–7(e). As
discussed above, in the tA → 0 limit, the shift induced by each
state only depends on the main channel, so it disperses with
the phase when |M〉 = |E〉 and is completely suppressed when
|M〉 = |O〉. To account for the slight phase dependence of the
shift in the oddlike states, it is necessary to go beyond this
� → ∞ model, as discussed in the SM [47].

In the single-tone spectroscopy, the signal manifests the
shifts induced by the states that are significantly populated
over the measuring time. Though in general it is expected
that most of the population dwells in the ground state, the
actual steady state of the junction is determined by processes
involving the quasiparticles above the gap and the coupling
with the environment [53,54], which induce a nonthermal
distribution.

V. CONCLUSIONS

We explored the single-tone and two-tone microwave spec-
troscopy in a superconducting InAs weak link close to pinch-
off. Observation of jumps in the resonance frequency from
the single-tone spectroscopy is understood as singlet-doublet
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phase transitions that occur due to the reduction of the cou-
pling of the weak link to the superconducting leads. We
observed anomalous microwave driven transitions in two-tone
spectroscopy, which mimic parity-flipping behavior. These
parity-flip-mimicking transitions were tentatively understood
as appearing due to the presence of an ancillary level weakly
coupled to the weak link. This behavior might not be generic:
We observed it in a single device, and it might depend
on the particularities of a single device (geometry, defects).
However, this shows how the measurement of the excitation
spectrum brings crucial information about the system that
is not accessible in the ground-state properties. This could
be relevant for applications of hybrid structures that require
a precise quantum-dot configuration, such as Andreev spin
qubits implemented in quantum-dot Josephson junctions [55].
Finally, the parity-flipping transitions provide a mechanism
to dynamically influence the parity population through the
drive, different from the one that involves the continuum of
quasiparticles above the gap [13,53,54].
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