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Circuit Quantum Electrodynamics (QED)  
Cavity QED  
optical cavity coupled to a single atom

S. Haroche, Rev. Mod. Phys. 85, 1083 (2013)

Circuit QED 
microwave cavity coupled to qubits

G. Burkard et al.,  Nat. Rev. Phys. 2,129 (2020)

A. Blais et al., Rev. Mod. Phys. 93, 025005 (2021)
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For instance, a qubit can comprise two collective states of two
or three spins that reside in either two or three quantum dots.
Those flavors are known as singlet–triplet qubits3 (two electrons,
one each in two dots), exchange-only qubits4 (three electrons
in three dots), and quantum-dot hybrid qubits (three electrons
in two dots).5 The trade-offs between them are many and still
under investigation. Ultimately, the various qubit types are ini-
tialized, manipulated, and read out using the same physical
principles, but their robustness to specific noise sources varies,
as does their ease of operation. 

The first wave of successful spin-qubit experiments started
in the early 2000s and used quantum dots defined by gate elec-
trodes over a gallium arsenide/aluminum gallium arsenide two-
dimensional electron gas. That heterostructure technology had
been the workhorse of mesoscopic physics for more than a
decade and provided a platform in which spin qubits were
easy to control. Initial work largely met the important require-
ments for individual qubits—namely, that they could be initial-
ized, manipulated, and read out.

As outlined in the box above, qubits can be implemented
using nanosecond gate-voltage pulses and resonant mi-
crowave excitation of gate electrodes or current-carrying 
wires. Single-shot readout is performed indirectly, by induc-

ing spin-dependent tunneling of an electron while detecting
the position of the electron in real time. The groups of Leo
Kouwenhoven and one of us (Vandersypen) at Del" University
of Technology (TU Del"), Charles Marcus at Harvard Univer-
sity, and Seigo Tarucha at the University of Tokyo were the
main players to carry out those early experimental demonstra-
tions. The GaAs work culminated in the creation of entangled
states of singlet–triplet qubits by Amir Yacoby and coworkers
at Harvard. They reached a fidelity—the extent to which the
actual state resembles a two-qubit entangled state—of 72% and
later improved it6 to greater than 90%. 

Relaxation and decoherence
Spin qubits in GaAs benefit from remarkably long energy re-
laxation times T1, the time it takes a qubit to change from a
high-energy state to the ground state. For single-spin qubits, T1
can exceed 1 second at low temperature (100 mK or lower) in
a 1 T field. That’s three orders of magnitude longer than the
longest T1 in superconducting qubits. 

By comparison, T2
*, the time it takes the qubit phase to ran-

domize, is just tens of nanoseconds in GaAs dots.3 The phase
of the electron’s spin is randomized through hyperfine cou-
pling to the roughly 1 million nuclear spins of atoms in the

Reading out the spin state of an electron on
a quantum dot involves making a so-called
spin-to-charge conversion,16 whereby the
electron is allowed to tunnel from one loca-
tion to another in a way that depends on its
spin state—or more specifically, on whether
the qubit is up or down. A nearby charge
sensor is sensitive to the dots’ electron oc-
cupation; the current through the sensor
thus indirectly reveals the spin state. 

In one scenario, the Pauli exclusion prin-
ciple provides the spin dependence: Two
electrons can reside on the same dot only
when they are in a spin-singlet state. For a
spin-triplet state, each electron is forced to
reside on its own dot. In another
scenario, a qubit’s two spin states
are aligned above and below the
reservoir’s Fermi level—the high-
est occupied energy level (see panel a of
the figure). That protocol is usually effective
for any qubit separated by at least a few
times the thermal energy. When the elec-
tron in the dot occupies the lower-energy
spin, it doesn’t have enough energy to
leave and no tunneling occurs. But if the
higher-energy spin state is occupied, the
electron can tunnel out and is detected. Af-
terwards, another electron tunnels into the
dot from the reservoir.

Initialization is commonly the result of

readout, after which an electron with a
known spin resides in the dot. Alternatively,
initialization can be achieved by allowing
the electron spin qubit to thermalize to its
ground state. 

Resonant control of spin qubits uses
magnetic or electric excitation at radio or
microwave frequencies. Magnetic excita-
tion can coherently drive spin transitions
directly when the excitation is resonant
with the energy difference between spin-
up and spin-down states (see panel b in the
figure).17 The excitation’s amplitude controls
the rotation frequency of the spin vector
around the Bloch sphere, its phase controls

the rotation axis, and its duration controls
the rotation angle.

Resonant electrical excitation, by contrast,
can drive single-spin transitions because of
spin–orbit coupling.18 The excitation causes
the electron to oscillate back and forth in a
quantum dot, and the electron experiences
an oscillating effective magnetic field that
rotates the electron’s spin. Alternatively, in
the presence of a suitably engineered mag-
netic field gradient at the dot location, an
electrically driven electron experiences a
real, oscillating magnetic field, again allow-
ing for coherent spin rotations. In the case
of the quantum-dot hybrid qubit (three

electrons in two dots), resonant
electric fields alone drive transi-
tions between the qubit states.5

Gate-voltage pulses provide
another method to controllably manipulate
spin states. The basic idea is to abruptly—
typically within nanoseconds—turn on the
tunnel coupling between two neighboring
spins by applying a gate-voltage pulse that
lowers the tunneling barrier between their
corresponding dots, so that the electron
wavefunctions overlap. The overlap leads
to an exchange interaction between the
spins, as suggested in the figure’s panel c,
and the two spin states are periodically 
exchanged. 

HOW TO INITIALIZE, MANIPULATE, AND READ OUT A SPIN QUBIT

a

hν
b

c

Double Quantum Dot (DQD)

All-electrical semiconductor quantum dots
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R. Hanson et al., Rev. Mod. Phys. 79, 1217 (2007)
W. G. van der Wiel et al., Rev. Mod. Phys. 75, 1 (2002) 

L. Vandersypen & M. Eriksson, Physics Today 72, 8 (2019)
A. Chatterjee et al,.  Nat. Rev. Phys. 3, 157  (2021)

L.P. Kouwenhoven et al., Rep. Prog. Phys. 64, 701 (2001) 

G. Burkard et al., Rev. Mod. Phys. 95, 025003 (2023)
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Circuit QED with quantum dots
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Experimental groups: Kontos, Wallraff/Ihn/Ensslin, Petta, Vandersypen, Scarlino, etc.

Charge-photon in strong coupling

Spin-photon in strong coupling

A. Stockklauser et al.,	Phys.	Rev.	X	7, 011030 (2017) X. Mi et al., Science	355, 156 (2017) L.E. Bruhat et al, Phys.	Rev.	B	98, 155313 (2018)

A. Landig etl al., 	Nature	560, 7717 (2018) X. Mi et al., Nature	555, 7698 (2018) N. Samkharadze et al., Science	359, 6380 (2018)
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• platform for quantum computation (qubit interactions mediated by photons, etc.)

• quantum simulators: models of matter-light interaction (fermions)

P. Scarlino et al., PRX 12, 031004 (2022)

7

• quantum transport in coherent nanoconductors (single molecular junctions)

Circuit QED with quantum dots
Charge-photon in ultra strong coupling

Motivations
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• photon entanglement using superconducting nanostructures
Entangled photon-pair emission in waveguide  
circuit QED from a Cooper pair splitter 
M. Governale, C. Schönenberger, P. Scarlino, G.R. 
PRX Quantum 6, 020339 (2025)

Our works

• detection of single microwave photons
Quantum nondemolition detection of single  
microwave photons with quantum dots 
S. Matern, A. Biella, P. Scarlino, I. Carusotto, G.R.  
(to be submitted)

sources / detectors of individual photons in microwave rangeQuantum transducers
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2. Generation of entangled microwave  
photons using superconducting  

nanodevices
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LETTERS

Cooper pair splitter realized in a two-quantum-dot
Y-junction
L. Hofstetter1*, S. Csonka1,2*, J. Nygård3 & C. Schönenberger1

Non-locality is a fundamental property of quantum mechanics
that manifests itself as correlations between spatially separated
parts of a quantum system. A fundamental route for the explora-
tion of such phenomena is the generation of Einstein–Podolsky–
Rosen (EPR) pairs1 of quantum-entangled objects for the test of
so-called Bell inequalities2. Whereas such experimental tests of
non-locality have been successfully conducted with pairwise
entangled photons, it has not yet been possible to realize an elec-
tronic analogue of it in the solid state, where spin-1/2 mobile
electrons are the natural quantum objects3. The difficulty stems
from the fact that electrons are immersed in amacroscopic ground
state—the Fermi sea—which prevents the straightforward genera-
tion and splitting of entangled pairs of electrons on demand. A
superconductor, however, could act as a source of EPR pairs of
electrons, because its ground-state is composed of Cooper pairs in
a spin-singlet state4. These Cooper pairs can be extracted from a
superconductor by tunnelling, but, to obtain an efficient EPR
source of entangled electrons, the splitting of the Cooper pairs
into separate electrons has to be enforced. This can be achieved
by having the electrons ‘repel’ each other by Coulomb inter-
action5. Controlled Cooper pair splitting can thereby be realized
by coupling of the superconductor to two normal metal drain
contacts by means of individually tunable quantum dots. Here
we demonstrate the first experimental realization of such a
tunable Cooper pair splitter, which shows a surprisingly high effi-
ciency. Our findings open a route towards a first test of the EPR
paradox and Bell inequalities in the solid state.

An ‘entangler’ that generates correlated EPR pairs of electrons in
the solid state has to be based on two-particle interactions, such as
exchange interaction and Cooper pairing in superconductors. The
former is mediated by electron–photon (Coulomb) interaction and
the latter by electron–phonon interaction. Proposal for electron
entanglers that make use of Coulomb interaction in quantum dots6,7

and superconducting devices8–10 have been put forward. Even more
advanced, and in practice also more versatile and efficient, are device
proposals that exploit both phenomena5,11–14.

An electron entangler is a device that converts a charge current on
the input to a stream of spin-entangled electron pairs. Each pair is
split into its individual electrons, which emerge at two different arms
of an electronic fork or Y-junction device (Fig. 1a)15. However, if
Cooper pairs are injected into the fork, the pairs do not necessarily
split as required: they may also be transmitted together into either
arm. The ratio between pair splitting and direct pair transmission
depends on details of the scattering matrix15–20. Such a device does
not provide control over the two processes, which is a problem also
encountered in experiments onmetallic nanostructures, in which the
first observations for Cooper pair splitting were made21,22. The
desired Cooper pair splitting can be enforced if the fork is made up

of two quantum dots (QDs) as shown in Fig. 1b (refs 5, 14). Crucial
for the separation is the individual tunability of the eigenstates
(levels) in each QD. This allows the resonance condition for
Cooper pair splitting to be achieved5. If the charging energy on the
QDs is large, double occupancy on each dot is prohibited. The two
electrons of the Cooper pair are then forced either to split into sepa-
rate arms or to tunnel sequentially through the same dot (Fig. 1c).
However, the latter process can be suppressed if relatively opaque
tunnelling barriers are chosen5,14.

We have realized such a tunable Cooper pair splitter (Fig. 2a and
Supplementary Information) by defining two QDs (dashed circles)
with individual top-gates (yellow stripes) on an InAs semiconducting
nanowire23–25. A common central superconducting source contact
made from aluminium (blue stripe) and two metallic drain contacts

1Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland. 2Department of Physics, Budapest University of Technology and Economics, Budafoki
u. 6, 1111 Budapest, Hungary. 3Nano-Science Center, Niels Bohr Institute, University of Copenhagen, Universitetsparken 5, DK-2100 Copenhagen, Denmark.
*These authors contributed equally to this work.

a

S

Barrier(s)

Iinput

I1

I1 I2

I2

c
S

S

S S

Pair tunnelling
through QD1

Pair tunnelling
through QD2

Pair splitting

QD1 QD2

S

b

Vg2Vg1

Vac

Figure 1 | Cooper pair splitter. a, The basic idea. A Cooper pair arrives from
a superconductor (blue), and the two electrons split up and leave the
Y-junction in different arms. Because a Cooper pair is a naturally entangled
object, the splitting could provide spatially separated spin-entangled
electrons. b, An efficient Cooper pair splitter can be realized if two tunable
quantum dots (QD1 and QD2) are inserted, one into each arm. c, Basic
transport processes in a Cooper pair splitter: the electrons of a Cooper pair
either leave the superconductor into the same arm (pair tunnelling) or split
up into different arms (pair splitting).
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Cooper pair splitter (CPS)
Early theoretical proposals

G. Lesovik, T. Martin, G. Blatter,  EPJB 24, 287 (2001)

M. Chtchelkatchev, G. Blatter, G. B. Lesovik, T. Martin, PRB 66, 161320 (2002)

P. Recher, E. V. Sukhorukov, D. Loss, PRB 63, 165314 (2001)

L. G. Herrmann, F. Portier, P. Roche, A. L. Yeyati, T. Kontos, C. Strunk, PRL 104, 026801 (2010)
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Cooper pair splitter realized in a two-quantum-dot
Y-junction
L. Hofstetter1*, S. Csonka1,2*, J. Nygård3 & C. Schönenberger1
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that manifests itself as correlations between spatially separated
parts of a quantum system. A fundamental route for the explora-
tion of such phenomena is the generation of Einstein–Podolsky–
Rosen (EPR) pairs1 of quantum-entangled objects for the test of
so-called Bell inequalities2. Whereas such experimental tests of
non-locality have been successfully conducted with pairwise
entangled photons, it has not yet been possible to realize an elec-
tronic analogue of it in the solid state, where spin-1/2 mobile
electrons are the natural quantum objects3. The difficulty stems
from the fact that electrons are immersed in amacroscopic ground
state—the Fermi sea—which prevents the straightforward genera-
tion and splitting of entangled pairs of electrons on demand. A
superconductor, however, could act as a source of EPR pairs of
electrons, because its ground-state is composed of Cooper pairs in
a spin-singlet state4. These Cooper pairs can be extracted from a
superconductor by tunnelling, but, to obtain an efficient EPR
source of entangled electrons, the splitting of the Cooper pairs
into separate electrons has to be enforced. This can be achieved
by having the electrons ‘repel’ each other by Coulomb inter-
action5. Controlled Cooper pair splitting can thereby be realized
by coupling of the superconductor to two normal metal drain
contacts by means of individually tunable quantum dots. Here
we demonstrate the first experimental realization of such a
tunable Cooper pair splitter, which shows a surprisingly high effi-
ciency. Our findings open a route towards a first test of the EPR
paradox and Bell inequalities in the solid state.
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the solid state has to be based on two-particle interactions, such as
exchange interaction and Cooper pairing in superconductors. The
former is mediated by electron–photon (Coulomb) interaction and
the latter by electron–phonon interaction. Proposal for electron
entanglers that make use of Coulomb interaction in quantum dots6,7

and superconducting devices8–10 have been put forward. Even more
advanced, and in practice also more versatile and efficient, are device
proposals that exploit both phenomena5,11–14.

An electron entangler is a device that converts a charge current on
the input to a stream of spin-entangled electron pairs. Each pair is
split into its individual electrons, which emerge at two different arms
of an electronic fork or Y-junction device (Fig. 1a)15. However, if
Cooper pairs are injected into the fork, the pairs do not necessarily
split as required: they may also be transmitted together into either
arm. The ratio between pair splitting and direct pair transmission
depends on details of the scattering matrix15–20. Such a device does
not provide control over the two processes, which is a problem also
encountered in experiments onmetallic nanostructures, in which the
first observations for Cooper pair splitting were made21,22. The
desired Cooper pair splitting can be enforced if the fork is made up

of two quantum dots (QDs) as shown in Fig. 1b (refs 5, 14). Crucial
for the separation is the individual tunability of the eigenstates
(levels) in each QD. This allows the resonance condition for
Cooper pair splitting to be achieved5. If the charging energy on the
QDs is large, double occupancy on each dot is prohibited. The two
electrons of the Cooper pair are then forced either to split into sepa-
rate arms or to tunnel sequentially through the same dot (Fig. 1c).
However, the latter process can be suppressed if relatively opaque
tunnelling barriers are chosen5,14.

We have realized such a tunable Cooper pair splitter (Fig. 2a and
Supplementary Information) by defining two QDs (dashed circles)
with individual top-gates (yellow stripes) on an InAs semiconducting
nanowire23–25. A common central superconducting source contact
made from aluminium (blue stripe) and two metallic drain contacts
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a superconductor (blue), and the two electrons split up and leave the
Y-junction in different arms. Because a Cooper pair is a naturally entangled
object, the splitting could provide spatially separated spin-entangled
electrons. b, An efficient Cooper pair splitter can be realized if two tunable
quantum dots (QD1 and QD2) are inserted, one into each arm. c, Basic
transport processes in a Cooper pair splitter: the electrons of a Cooper pair
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up into different arms (pair splitting).

Vol 461 | 15 October 2009 |doi:10.1038/nature08432

960
 Macmillan Publishers Limited. All rights reserved©2009

First experiments: NWs a CNTs
L. Hofstetter, S. Csonka, J. Nygård, C. Schonenberger, Nature 461, 960 (2009)
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CPS: recent experiments

A. Ranni, F. Brange, E. Mannila, C. Flindt, V. Maisi,  
Nat. Commun. 12, 6358 (2021)

Real-time observation of  
Cooper pair splitting 
showing strong non-local correlations

energies32,33. Hence, there is no energy cost for tunneling pro-
cesses that change the electron number on each island by one.

Correlation measurements. Figure 1b and c shows correlation
measurements using our charge detectors. The g(2)-function
describes correlations between tunneling processes with a time delay
τ between them and is, for example, used extensively in quantum
optics to characterize light sources34. A value of g(2)(τ)= 1 at all
times implies that the particles are uncorrelated. On the other hand,
a g(2)-function that peaks at short times indicates that the particles
tend to bunch as for instance for thermal light, which has g(2)(0)= 2
at τ= 0. By contrast, a coherent single-photon source is char-
acterized by a g(2)-function with a dip at short times, indicating that
the particles are anti-bunched, ideally with g(2)(0)= 0.

Here, we measure the auto-correlations for tunneling events from
the superconductor to the right island as well as the cross-
correlations for tunneling between the superconductor and each of
the two islands. The auto-correlations in Fig. 1b are fully suppressed
at short times. The suppression arises from the strong Coulomb
interactions, which prevent more than one electron at a time to
tunnel into the right island, leading to anti-bunching of the
tunneling events. A theoretical analysis captures the experimental
findings in Fig. 1b by the expression

gð2ÞðτÞ ¼ 1$ e$γjτj; ð1Þ

where γ= 4.5 s−1 is the inverse correlation time, which may be
determined from the tunneling rates (see Supplementary Note 2 for
details). Equation (1) is similar to the auto-correlation function of a
simple two-level system, however, in our case, it follows from an
elaborate model of the Cooper pair splitter, which involves several
charge states of each island, and the inverse correlation time is a
complicated function of all tunneling rates.

Turning next to the cross-correlations in Fig. 1c, a completely
different picture emerges. We now consider the conditional
probability of observing a tunneling event between the super-
conductor and the right island at the time delay τ after a
tunneling event between the superconductor and the left island
has occurred. In this case, we observe a large peak at short times
which is two orders of magnitude larger than the uncorrelated
background of gð2Þx ðτÞ ¼ 1. These correlations are a direct
manifestation of nearly instantaneous two-electron processes

involving both islands. The two-electron processes lead to
correlated single-electron events in the two islands occurring on
a microsecond timescale, which is much faster than the
correlation time of the single-electron processes for each island
as seen in Fig. 1b. Theoretically, we can describe the cross-
correlations as

gð2Þx ðτÞ ¼ 1þ α2
e$

1
2ðτ=σDÞ

2

ffiffiffiffiffi
2π

p
σD

; ð2Þ

where σD= 460 μs is the broadening due to timing jitter of the
detectors, and α2= 210ms is the time-integrated contribution from
two-electron processes. Figure 1c shows that this expression agrees
well with the experiment, explaining the strong nonlocal correla-
tions. Figure 1 also illustrates how the cross-correlations, unlike the
auto-correlations, can be measured on a timescale, which is shorter
than the rise time of each detector of about 4ms: The cross-
correlations concern tunneling events in different islands and are
not limited by the dead time of the detectors (see Supplementary
Note 1).

Cooper pair splitting in real time. We now address the identi-
fication of the individual tunneling events. Typical time traces of
the electrical currents in the two single-electron transistors are
shown in Fig. 2a, illustrating how we can detect the tunneling
events in each island. At the time marked by ①, the current in the
left detector (red curve) switches suddenly from 60 to 80 pA as an
electron tunnels out of the left island as depicted in panel b. At
the time marked by ②, the current in the left detector switches
again as an electron tunnels into the left island. However, this
time, the current in the right detector (blue curve) also changes as
an electron tunnels into the right island. As we discuss below,
statistical arguments allow us to conclude with the near-unity
probability that these simultaneous tunneling events occur due to
the splitting of a Cooper pair as indicated in panel b, rather than
being two uncorrelated single-electron processes. Continuing
further in time, the point marked by ③ again corresponds to the
tunneling of a single electron as in ①, except that now an electron
tunnels out of the right island. Finally, at the time marked by ④,
the detector currents switch in opposite directions due to elastic
cotunneling in which an electron tunnels from the left to the right
island via the superconductor.
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Fig. 2 Real-time observation of Cooper pair splitting. a Typical time traces of the currents IDL and IDR in the left and the right single-electron transistors
correspondingly, which switch between two distinct levels corresponding to having n= 0 or 1 (excess) electrons on each island. b The points marked with
① and ③ in the left panel correspond to processes, where a single electron tunnels between the superconductor and one of the islands. The point marked
with ② is a Cooper pair splitting event, where two electrons simultaneously tunnel from the superconductor into the two islands, one in each, while the
point marked with ④ is an elastic cotunneling event, where an electron is transferred between the two islands via the superconductor.
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Controllable Single Cooper Pair Splitting  
in Hybrid Quantum Dot Systems
D. de Jong, C. G. Prosko, L. Han, F. K. Malinowski, Y. Liu,  
L. P. Kouwenhoven, W. Pfaff,  Phys. Rev. Lett. 131, 157001 (2023)

its lowest-energy odd-parity state at zero magnetic field
E0 ≈ 130 μeV. Similarly, for device B, we obtain ES

C ≈ 350
and E0 ≈ 50 μeV. The differing values of E0 signify the
presence of distinct subgap states, and are generally
dependent on gate voltages. With devices A and B we
thus compare the regimes of ES

C < E0 and ES
C > E0,

respectively, verified by a doubling of charge transitions
in device A as the magnetic field is increased (Supplemental
Material [40], Fig. S5). The former case exhibits a
transition corresponding to splitting a Cooper pair, while

in the latter it is suppressed in favor of single-electron
tunneling.
Measurements are conducted in a dilution refrigerator at

a base temperature of approximately 20 mK. Low-power
signals are amplified by a traveling-wave parametric
amplifier [41] and a high-electron-mobility transistor.
We begin by investigating a floating triple quantum dot

(TQD) configuration. By measuring a CSD, we obtain the
island parity and relative charge occupation for different
gate voltages, and thereby infer which charge states
hybridize. Both devices are tuned into a TQD by lowering
barrier voltages T3 and T4 into weak tunneling regimes.
Subsequently, barriers T2 and T5 are set to strongly
negative voltages to prevent electrons from tunneling to
the leads. In this “floating” regime total charge is con-
served, leaving only two charge degrees of freedom. It is
therefore sufficient to vary two gate voltages (e.g., VL and
VR) to reach any available charge state or transition.
To probe the system’s charge stability we employ DGS,

measuring complex transmission responses Ai for
i∈ fL;M;Rg of each of the corresponding top gates’
resonators simultaneously with frequency multiplexing.
The responses are projected and normalized to produce
real-valued quantities A0

i (Supplemental Material [40]
Sec. SI), then superimposed in a single CSD to emphasize
correlations. The resulting three-dimensional color map
and CSDs are shown in Figs. 1(d) and 1(f). We observe
white Coulomb-blockaded regions separated by charge
transitions where electrons hybridize between QDs. As
DGS reflects resonant tunneling, the resonators connected
to all involved QDs show a response. For the transition
between island M and QDL for example, a response is
expected in A0

M and A0
L, appearing blue in the CSD.

Similarly, the transition between island M and QDR
appears red. These transitions are most prominent since
they are first-order tunneling processes. Meanwhile, an
electron tunneling from QDL to QDR corresponds to a
cotunneling transition via island M [42,43]. These tran-
sitions appear green, but are much weaker than the first-
order transitions in this configuration.
Comparing the CSDs of Fig. 1(f), there is a stark

difference between device A and B: the former exhibits
rectangular regions of stable charge when the SCI has odd
parity, while the latter shows only hexagonal Coulomb-
blockaded regions. To understand this difference, we
compare with charge-state simulations of the QD system
combined with an input-output theory calculation of a
representative resonator response, shown in Fig. 1(e)
[28,44–46]. For these, we use the inferred values of ES

C,
EN
C, and E0, and resonator parameters from Ref. [28].

Extracting the lowest-energy states of the system with a
capacitance model allows for calculating a theoretical
resonator response [46–48] (Supplemental Material [40]
Sec. SIII). States are labeled with the relative number of
electrons in dots L, M, and R, respectively, with 0 charge

FIG. 1. Experimental setup and CSDs in the floating TQD
regime. (a),(b) False-colored SEM images of devices nominally
identical to those measured. Devices A and B are highlighted in
the floating triple and quadruple QD regimes, respectively. Gates
are shaded with the assigned colors of their coupled resonators.
(c) Schematic of the on-chip resonators. We measure trans-
mission through a feedline capacitively coupled to λ=2 resonators
connected to device gates. (d) Shell of the cubic color map for the
resonator responses in (e) and (f). For each pair of responding
resonators, the corresponding tunneling process is depicted.
(e) Simulated resonator responses using energies given in the
main text. (f) Measured CSDs of the floating TQD systems.
Individual resonator measurements are shown in Supplemental
Material [40] Figs. S1 and S2. The CSDs are labeled with charge
ground states up to an even charge offset.
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<latexit sha1_base64="fbi9gKl1+9bgrTBWsQ4Y48qoMpM=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk567CpBB7iXnU96pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2YzS6eoFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+DjMmk9RSSeaL4pQjq9D0fdRnmhLLx45gopm7FZEh1phYF1LRhRAsvrxMmheVoFqp3l+Wazd5HAU4hhM4gwCuoAZ3UIcGEJDwDK/w5hnvxXv3PuatK14+cwR/4H3+AHyOkNA=</latexit>!+

<latexit sha1_base64="5Y3xDjy3m2Og2BOf9XTTyYpaM7I=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZFosegF48RzAOTJcxOZpMh81hmZoWw5C+8eFDEq3/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc9dpWgA9zLzie9Utmv+DOgZRLkpAw56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOCqxoCbMZhdP0KlT+ihW2pW0aKb+nsiwMGYsItcpsB2aRW8q/ud1UhtfhxmTSWqpJPNFccqRVWj6PuozTYnlY0cw0czdisgQa0ysC6noQggWX14mzYtKUK1U7y/LtZs8jgIcwwmcQQBXUIM7qEMDCEh4hld484z34r17H/PWFS+fOYI/8D5/AH+YkNI=</latexit>!�

CPS with two DQDs 

<latexit sha1_base64="qjJq22nu7s6lM0je9ni8NdUgA0g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfshbSibzaZdupuE3YlQSn+FFw+KePXnePPfuG1z0OqDgcd7M8zMC1IpDLrul1NYWV1b3yhulra2d3b3yvsHLZNkmvEmS2SiOwE1XIqYN1Gg5J1Uc6oCydvB6Gbmtx+5NiKJ73Gccl/RQSwiwSha6aEXcomUXJF+ueJW3TnIX+LlpAI5Gv3yZy9MWKZ4jExSY7qem6I/oRoFk3xa6mWGp5SN6IB3LY2p4safzA+ekhOrhCRKtK0YyVz9OTGhypixCmynojg0y95M/M/rZhhd+hMRpxnymC0WRZkkmJDZ9yQUmjOUY0so08LeStiQasrQZlSyIXjLL/8lrbOqV6vW7s4r9es8jiIcwTGcggcXUIdbaEATGCh4ghd4dbTz7Lw574vWgpPPHMIvOB/fySCPwg==</latexit>

� = double quantum dot detuning

<latexit sha1_base64="HxjzfmMLeMTn6n3yQFgsTDcqipE=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVC9C0YMeK9oP2C4lm2bb0CS7JLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFldW19Y3iZmlre2d3r7x/0DJxqilr0ljEuhMSwwRXrAkcBOskmhEZCtYORzdTv/3EtOGxeoRxwgJJBopHnBKwkt+9JVKS3gO+wr1yxa26M+Bl4uWkgnI0euWvbj+mqWQKqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLFZHMBNns5Ak+sUofR7G2pQDP1N8TGZHGjGVoOyWBoVn0puJ/np9CdBlkXCUpMEXni6JUYIjx9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk9ZZ1atVa/fnlfp1HkcRHaFjdIo8dIHq6A41UBNRFKNn9IreHHBenHfnY95acPKZQ/QHzucP676QYQ==</latexit>

�S =

<latexit sha1_base64="kkwzwIr+z2HM2WL0agijonYu4DE=">AAACPHicbZA9SwNBEIb3/Izx69TSZjEICjHeBVEbQdTCUtEkQi6Evc1csmTvg905IYT8MBt/hJ2VjYUittZu4hVqMrDw8rwzzM7rJ1JodJxna2p6ZnZuPreQX1xaXlm119arOk4VhwqPZazufKZBiggqKFDCXaKAhb6Emt89H/q1e1BaxNEt9hJohKwdiUBwhgY17RvvAiQy754pSLSQhoX0hHoSAtyh42aZ7k2gLvWUaHdwd7/sFYtNu+CUnFHRceFmokCyumraT14r5mkIEXLJtK67ToKNPlMouIRB3ks1JIx3WRvqRkYsBN3oj44f0G1DWjSIlXkR0hH9PdFnoda90DedIcOO/u8N4SSvnmJw3OiLKEkRIv6zKEglxZgOk6QtoYCj7BnBuBLmr5R3mGIcTd55E4L7/+RxUS2X3MPS4fVB4fQsiyNHNskW2SEuOSKn5JJckQrh5IG8kDfybj1ar9aH9fnTOmVlMxvkT1lf34NAraE=</latexit>

�"m = (�"2 ��"1) /2 ,
diff. between the Zeeman splittings

<latexit sha1_base64="ykZxXR25Mby343L1tmD2E+c84kI=">AAACIHicbVBNSwMxFMz6WevXqkcvwSJ4kLIrUr0IRT14VLBW6C7lbfraBpPdJckKZelP8eJf8eJBEb3przFt96DWgcBk5g3JmygVXBvP+3RmZufmFxZLS+XlldW1dXdj80YnmWLYYIlI1G0EGgWPsWG4EXibKgQZCWxGd2cjv3mPSvMkvjaDFEMJvZh3OQNjpbZ7FPQjUEEisQftPEjlkJ7QoIPCALU3GpxP6D0oTDUXNmPF/f22W/Gq3hh0mvgFqZACl233I+gkLJMYGyZA65bvpSbMQRnOBA7LQaYxBXYHPWxZGoNEHebjBYd01yod2k2UPbGhY/VnIgep9UBGdlKC6eu/3kj8z2tlpnsc5jxOM4MxmzzUzQQ1CR21RTtcITNiYAkwxe1fKeuDAmZsp2Vbgv935Wlyc1D1a9Xa1WGlflrUUSLbZIfsEZ8ckTq5IJekQRh5IE/khbw6j86z8+a8T0ZnnCKzRX7B+foG5Ieiyw==</latexit>

~!± = � ±�"m ,

nonlocal pairing
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<latexit sha1_base64="mlmVfe7RET3SDUpvODaWIMh1TUk="></latexit>

ĤCPS = ��S |0ihS11|+ H.c.
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emptysinglet

Andreev bound states

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

(a)

<latexit sha1_base64="4/S03TiQsD88oXoRjiFhsA0r/aU=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KolI9VjUg8cK9gOaUDbbSbt0dxN2N4UQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwoRRpV3321pb39jc2i7tlHf39g8O7aPjtopTSaBFYhbLbogVMCqgpalm0E0kYB4y6ITj25nfmYBUNBaPOksg4HgoaEQJ1kbq2xX/DpjG/gRLSBRlRuN9u+rW3DmcVeIVpIoKNPv2lz+IScpBaMKwUj3PTXSQY6kpYTAt+6mCBJMxHkLPUIE5qCCfHz91zowycKJYmhLamau/J3LMlcp4aDo51iO17M3E/7xeqqPrIKciSTUIslgUpczRsTNLwhlQCUSzzBBMJDW3OmSEJSba5FU2IXjLL6+S9kXNq9fqD5fVxk0RRwmdoFN0jjx0hRroHjVRCxGUoWf0it6sJ+vFerc+Fq1rVjFTQX9gff4AMb2VJQ==</latexit>

�"m

<latexit sha1_base64="bb0m9JNkLGveUG8o8UccqcaYeG4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBQylJkeqx6MVjBfsBSSibzaZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6SCa7Dtb6u0sbm1vVPereztHxweVY9PelpmirIulUKqQUA0EzxhXeAg2CBVjMSBYP1gcjf3+09MaS6TR5imzI/JKOERpwSM5Da9kAkg2KvXh9Wa3bAXwOvEKUgNFegMq19eKGkWswSoIFq7jp2CnxMFnAo2q3iZZimhEzJirqEJiZn288XJM3xhlBBHUplKAC/U3xM5ibWexoHpjAmM9ao3F//z3AyiGz/nSZoBS+hyUZQJDBLP/8chV4yCmBpCqOLmVkzHRBEKJqWKCcFZfXmd9JoNp9VoPVzV2rdFHGV0hs7RJXLQNWqje9RBXUSRRM/oFb1ZYL1Y79bHsrVkFTOn6A+szx/n3pBf</latexit>

2� ,
<latexit sha1_base64="FgoJmL00YRkEQCZpQzy2LBRvYgo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBEtJRKrHogc9VrQf0IQy2W7bpbtJ2N0IJRT8K148KOLV3+HNf+O2zUFbHww83pthZl4Qc6a043xbuaXlldW1/HphY3Nre8fe3WuoKJGE1knEI9kKQFHOQlrXTHPaiiUFEXDaDIbXE7/5SKViUfigRzH1BfRD1mMEtJE69oHXpVwDPsXeDQgBnXvslUodu+iUnSnwInEzUkQZah37y+tGJBE01ISDUm3XibWfgtSMcDoueImiMZAh9Gnb0BAEVX46PX+Mj43Sxb1Imgo1nqq/J1IQSo1EYDoF6IGa9ybif1470b1LP2VhnGgaktmiXsKxjvAkC9xlkhLNR4YAkczciskAJBBtEiuYENz5lxdJ46zsVsqVu/Ni9SqLI48O0RE6QS66QFV0i2qojghK0TN6RW/Wk/VivVsfs9aclc3soz+wPn8A0jiUHg==</latexit>

� + �S ,

Nonlocal Andreev bound states

degeneracy  lifting 
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Frequency entangled photon pairs

(b)
<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="4q0VwaFQ4CoJNAo5GWkERwOkdbE=">AAACCnicbVC7TsNAEDyHVwgvAyWNIUKiSWQjXmUEBZRBkIcUR9b6ck5OubOtuzNSZLmm4VdoKECIli+g42+4JC4gYaSVRjO72t3xY0alsu1vo7CwuLS8Ulwtra1vbG6Z2ztNGSUCkwaOWCTaPkjCaEgaiipG2rEgwH1GWv7wauy3HoiQNArv1SgmXQ79kAYUg9KSZ+67ESd98NJKVnEDATh1r4Fz8O6y1B34IDLPLNtVewJrnjg5KaMcdc/8cnsRTjgJFWYgZcexY9VNQSiKGclKbiJJDHgIfdLRNAROZDedvJJZh1rpWUEkdIXKmqi/J1LgUo64rzs5qIGc9cbif14nUcFFN6VhnCgS4umiIGGWiqxxLlaPCoIVG2kCWFB9q4UHoANROr2SDsGZfXmeNI+rzln19PakXLvM4yiiPXSAjpCDzlEN3aA6aiCMHtEzekVvxpPxYrwbH9PWgpHP7KI/MD5/AKltmuc=</latexit>

!� � �S

~<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

(c)

<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="WJJGMlysStYS5tGyXi3L60J5FJI=">AAACCnicbVBNS8NAEN3Ur1q/oh69RIsgFEoifh2LHvRYwbZCE8Jku2mX7iZhdyOUkLMX/4oXD4p49Rd489+4bXPQ1gcDj/dmmJkXJIxKZdvfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1jcByAJoxFpKaoYuU8EAR4w0gmGV2O/80CEpHF0p0YJ8Tj0IxpSDEpLvrnvxpz0wc9qec0NBeDMvQbOwZd55g4CELlvVu26PYE1T5yCVFGBpm9+ub0Yp5xECjOQsuvYifIyEIpiRvKKm0qSAB5Cn3Q1jYAT6WWTV3LrUCs9K4yFrkhZE/X3RAZcyhEPdCcHNZCz3lj8z+umKrzwMholqSIRni4KU2ap2BrnYvWoIFixkSaABdW3WngAOhCl06voEJzZl+dJ+7junNVPb0+qjcsijjLaQwfoCDnoHDXQDWqiFsLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MH1IGbAw==</latexit>

!+ +
�s

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="4q0VwaFQ4CoJNAo5GWkERwOkdbE=">AAACCnicbVC7TsNAEDyHVwgvAyWNIUKiSWQjXmUEBZRBkIcUR9b6ck5OubOtuzNSZLmm4VdoKECIli+g42+4JC4gYaSVRjO72t3xY0alsu1vo7CwuLS8Ulwtra1vbG6Z2ztNGSUCkwaOWCTaPkjCaEgaiipG2rEgwH1GWv7wauy3HoiQNArv1SgmXQ79kAYUg9KSZ+67ESd98NJKVnEDATh1r4Fz8O6y1B34IDLPLNtVewJrnjg5KaMcdc/8cnsRTjgJFWYgZcexY9VNQSiKGclKbiJJDHgIfdLRNAROZDedvJJZh1rpWUEkdIXKmqi/J1LgUo64rzs5qIGc9cbif14nUcFFN6VhnCgS4umiIGGWiqxxLlaPCoIVG2kCWFB9q4UHoANROr2SDsGZfXmeNI+rzln19PakXLvM4yiiPXSAjpCDzlEN3aA6aiCMHtEzekVvxpPxYrwbH9PWgpHP7KI/MD5/AKltmuc=</latexit>

!� � �S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~
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<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="gUyp+LFhzr+/pi/7F3sayhxyLnA=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIhZKIr2XRhS4r2gc0JdxMJ+3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fZCE0ZA0FFWMtGNBgPuMtPzh1dhvPRAhaRTeq1FMuhz6IQ0oBqUlz9x3I0764KWVrOIGAnDqXgPn4N1lqTvwQWSeWbar9gTWPHFyUkY56p755fYinHASKsxAyo5jx6qbglAUM5KV3ESSGPAQ+qSjaQicyG46eSWzDrXSs4JI6AqVNVF/T6TApRxxX3dyUAM5643F/7xOooKLbkrDOFEkxNNFQcIsFVnjXKweFQQrNtIEsKD6VgsPQAeidHolHYIz+/I8aR5XnbPq6e1JuXaZx1FEe+gAHSEHnaMaukF11EAYPaJn9IrejCfjxXg3PqatBSOf2UV/YHz+AKMBmuM=</latexit>

!+ +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="tcNsBoIWlo72iiczZ4/e7PeHz98=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NKj7NANBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY5muU=</latexit>

!� +
�S

~

<latexit sha1_base64="4q0VwaFQ4CoJNAo5GWkERwOkdbE=">AAACCnicbVC7TsNAEDyHVwgvAyWNIUKiSWQjXmUEBZRBkIcUR9b6ck5OubOtuzNSZLmm4VdoKECIli+g42+4JC4gYaSVRjO72t3xY0alsu1vo7CwuLS8Ulwtra1vbG6Z2ztNGSUCkwaOWCTaPkjCaEgaiipG2rEgwH1GWv7wauy3HoiQNArv1SgmXQ79kAYUg9KSZ+67ESd98NJKVnEDATh1r4Fz8O6y1B34IDLPLNtVewJrnjg5KaMcdc/8cnsRTjgJFWYgZcexY9VNQSiKGclKbiJJDHgIfdLRNAROZDedvJJZh1rpWUEkdIXKmqi/J1LgUo64rzs5qIGc9cbif14nUcFFN6VhnCgS4umiIGGWiqxxLlaPCoIVG2kCWFB9q4UHoANROr2SDsGZfXmeNI+rzln19PakXLvM4yiiPXSAjpCDzlEN3aA6aiCMHtEzekVvxpPxYrwbH9PWgpHP7KI/MD5/AKltmuc=</latexit>

!� � �S

~

<latexit sha1_base64="4q0VwaFQ4CoJNAo5GWkERwOkdbE=">AAACCnicbVC7TsNAEDyHVwgvAyWNIUKiSWQjXmUEBZRBkIcUR9b6ck5OubOtuzNSZLmm4VdoKECIli+g42+4JC4gYaSVRjO72t3xY0alsu1vo7CwuLS8Ulwtra1vbG6Z2ztNGSUCkwaOWCTaPkjCaEgaiipG2rEgwH1GWv7wauy3HoiQNArv1SgmXQ79kAYUg9KSZ+67ESd98NJKVnEDATh1r4Fz8O6y1B34IDLPLNtVewJrnjg5KaMcdc/8cnsRTjgJFWYgZcexY9VNQSiKGclKbiJJDHgIfdLRNAROZDedvJJZh1rpWUEkdIXKmqi/J1LgUo64rzs5qIGc9cbif14nUcFFN6VhnCgS4umiIGGWiqxxLlaPCoIVG2kCWFB9q4UHoANROr2SDsGZfXmeNI+rzln19PakXLvM4yiiPXSAjpCDzlEN3aA6aiCMHtEzekVvxpPxYrwbH9PWgpHP7KI/MD5/AKltmuc=</latexit>

!� � �S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="Tm2/Fc2qunXbiTXrhQ8PYQowTF0=">AAACCnicbVDLSsNAFJ3UV62vqEs30SIIYknE17LoQpcV7QOaEm6mk3boTBJmJkIJWbvxV9y4UMStX+DOv3HaZqGtBy4czrmXe+/xY0alsu1vozA3v7C4VFwurayurW+Ym1sNGSUCkzqOWCRaPkjCaEjqiipGWrEgwH1Gmv7gauQ3H4iQNArv1TAmHQ69kAYUg9KSZ+66ESc98NLD7MgNBODUvQbOwbvLUrfvg8g8s2xX7DGsWeLkpIxy1Dzzy+1GOOEkVJiBlG3HjlUnBaEoZiQruYkkMeAB9Ehb0xA4kZ10/Epm7WulawWR0BUqa6z+nkiBSznkvu7koPpy2huJ/3ntRAUXnZSGcaJIiCeLgoRZKrJGuVhdKghWbKgJYEH1rRbugw5E6fRKOgRn+uVZ0jiuOGeV09uTcvUyj6OIdtAeOkAOOkdVdINqqI4wekTP6BW9GU/Gi/FufExaC0Y+s43+wPj8AaY1muU=</latexit>

!+ � �S

~

<latexit sha1_base64="4q0VwaFQ4CoJNAo5GWkERwOkdbE=">AAACCnicbVC7TsNAEDyHVwgvAyWNIUKiSWQjXmUEBZRBkIcUR9b6ck5OubOtuzNSZLmm4VdoKECIli+g42+4JC4gYaSVRjO72t3xY0alsu1vo7CwuLS8Ulwtra1vbG6Z2ztNGSUCkwaOWCTaPkjCaEgaiipG2rEgwH1GWv7wauy3HoiQNArv1SgmXQ79kAYUg9KSZ+67ESd98NJKVnEDATh1r4Fz8O6y1B34IDLPLNtVewJrnjg5KaMcdc/8cnsRTjgJFWYgZcexY9VNQSiKGclKbiJJDHgIfdLRNAROZDedvJJZh1rpWUEkdIXKmqi/J1LgUo64rzs5qIGc9cbif14nUcFFN6VhnCgS4umiIGGWiqxxLlaPCoIVG2kCWFB9q4UHoANROr2SDsGZfXmeNI+rzln19PakXLvM4yiiPXSAjpCDzlEN3aA6aiCMHtEzekVvxpPxYrwbH9PWgpHP7KI/MD5/AKltmuc=</latexit>

!� � �S

~

<latexit sha1_base64="4q0VwaFQ4CoJNAo5GWkERwOkdbE=">AAACCnicbVC7TsNAEDyHVwgvAyWNIUKiSWQjXmUEBZRBkIcUR9b6ck5OubOtuzNSZLmm4VdoKECIli+g42+4JC4gYaSVRjO72t3xY0alsu1vo7CwuLS8Ulwtra1vbG6Z2ztNGSUCkwaOWCTaPkjCaEgaiipG2rEgwH1GWv7wauy3HoiQNArv1SgmXQ79kAYUg9KSZ+67ESd98NJKVnEDATh1r4Fz8O6y1B34IDLPLNtVewJrnjg5KaMcdc/8cnsRTjgJFWYgZcexY9VNQSiKGclKbiJJDHgIfdLRNAROZDedvJJZh1rpWUEkdIXKmqi/J1LgUo64rzs5qIGc9cbif14nUcFFN6VhnCgS4umiIGGWiqxxLlaPCoIVG2kCWFB9q4UHoANROr2SDsGZfXmeNI+rzln19PakXLvM4yiiPXSAjpCDzlEN3aA6aiCMHtEzekVvxpPxYrwbH9PWgpHP7KI/MD5/AKltmuc=</latexit>

!� � �S

~

<latexit sha1_base64="xjduuDQ5FxKL5gkiIRvv2nOpme8=">AAACAHicbVC7SgNBFJ2Nr5j4WLWwsFmMgqCEXYtoJUEbywjmAdllmZ3MJoOzD2buBsK6jb9iY6GIjYWtf2Dnh2jt5FFo4oELh3Pu5d57vJgzCab5qeXm5hcWl/LLheLK6tq6vrHZkFEiCK2TiEei5WFJOQtpHRhw2ooFxYHHadO7uRj6zT4VkkXhNQxi6gS4GzKfEQxKcvVtm1Mfbu2aZG56eGRltmDdHpy5esksmyMYs8SakFJ17+v1vV/8rrn6h92JSBLQEAjHUrYtMwYnxQIY4TQr2ImkMSY3uEvbioY4oNJJRw9kxr5SOoYfCVUhGCP190SKAykHgac6Aww9Oe0Nxf+8dgL+qZOyME6AhmS8yE+4AZExTMPoMEEJ8IEimAimbjVIDwtMQGVWUCFY0y/PksZx2aqUK1cqjXM0Rh7toF10gCx0gqroEtVQHRGUoXv0iJ60O+1Be9Zexq05bTKzhf5Ae/sBE2uagw==</latexit>

| +,1i

<latexit sha1_base64="C84NJ8dxgK6eViH+uVAbWV4sRpw=">AAACAHicbVC7SgNBFJ2Nr5j4WLWwsFmMgqCE3RTRSoI2lhHMA7JLmJ3MJkNmH8zcDYR1G3/FxkIRGwtb/8DOD9HayaPQxAMXDufcy733uBFnEkzzU8ssLC4tr2RXc/m19Y1NfWu7LsNYEFojIQ9F08WSchbQGjDgtBkJin2X04bbvxz5jQEVkoXBDQwj6vi4GzCPEQxKauu7Nqce3NpVydrJ8UkptQXr9uC8rRfMojmGMU+sKSlUDr5e3wf572pb/7A7IYl9GgDhWMqWZUbgJFgAI5ymOTuWNMKkj7u0pWiAfSqdZPxAahwqpWN4oVAVgDFWf08k2Jdy6Luq08fQk7PeSPzPa8XgnTkJC6IYaEAmi7yYGxAaozSMDhOUAB8qgolg6laD9LDABFRmORWCNfvyPKmXila5WL5WaVygCbJoD+2jI2ShU1RBV6iKaoigFN2jR/Sk3WkP2rP2MmnNaNOZHfQH2tsPFPeahA==</latexit>

| +,2i

<latexit sha1_base64="jb+YtzL9uNS+GpMrH8ykMMKpgFU=">AAACAHicbVC5TsNAEF2HKyQcBgoKGouARAGRnSJQoQgayiCRQ4qtaL1ZJ6usD+2OI0XGDb9CQwFCNBS0/AEdHwI1m6OAhCeN9PTejGbmuRFnEkzzU8ssLC4tr2RXc/m19Y1NfWu7LsNYEFojIQ9F08WSchbQGjDgtBkJin2X04bbvxz5jQEVkoXBDQwj6vi4GzCPEQxKauu7Nqce3NpVydrJyXEptQXr9uC8rRfMojmGMU+sKSlUDr5e3wf572pb/7A7IYl9GgDhWMqWZUbgJFgAI5ymOTuWNMKkj7u0pWiAfSqdZPxAahwqpWN4oVAVgDFWf08k2Jdy6Luq08fQk7PeSPzPa8XgnTkJC6IYaEAmi7yYGxAaozSMDhOUAB8qgolg6laD9LDABFRmORWCNfvyPKmXila5WL5WaVygCbJoD+2jI2ShU1RBV6iKaoigFN2jR/Sk3WkP2rP2MmnNaNOZHfQH2tsPGBOahg==</latexit>

| �,2i

<latexit sha1_base64="Qf/J9wY4kpPs+cW+fPcfnzXNeKA=">AAACAHicbVC5TsNAEF2HKyQcBgoKGouARAGRTRGoUAQNZZDIIcWWtd6skxXrQ7vjSJFxw6/QUIAQDQUtf0DHh0DN5igg4UkjPb03o5l5XsyZBNP81HJz8wuLS/nlQnFldW1d39hsyCgRhNZJxCPR8rCknIW0Dgw4bcWC4sDjtOndXAz9Zp8KyaLwGgYxdQLcDZnPCAYlufq2zakPt3ZNMjc9OrQyW7BuD85cvWSWzRGMWWJNSKm69/X63i9+11z9w+5EJAloCIRjKduWGYOTYgGMcJoV7ETSGJMb3KVtRUMcUOmkowcyY18pHcOPhKoQjJH6eyLFgZSDwFOdAYaenPaG4n9eOwH/1ElZGCdAQzJe5CfcgMgYpmF0mKAE+EARTARTtxqkhwUmoDIrqBCs6ZdnSeO4bFXKlSuVxjkaI4920C46QBY6QVV0iWqojgjK0D16RE/anfagPWsv49acNpnZQn+gvf0AFoeahQ==</latexit>

| �,1i

Detection by frequency filtering

(Quantum tomography in frequency space) 
16WORKSHOP ECT* 2025, Trento, 6-9 October - SUPERCONDUCTING DEVICES FOR QUANTUM OPTICS AND QUANTUM SIMULATIONS -  Speaker: GIANLUCA RASTELLI 



Universität Konstanz

Cascade with phonon relaxation

<latexit sha1_base64="SvNz/xRLxF4AoHA2C55zxo/ISPA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJKIVFdSdOOyin1AE8JkOmmHTh7M3AglduHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxtLyyuraemGjuLm1vbNr7u23VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaHVxO/fc+k4nF0B6OEuSHpRzzglICWPLPkCBbAA+572a09xtiRvD+AC+xUcMUzy1bVmgIvEjsnZZSj4ZlfTi+macgioIIo1bWtBNyMSOBUsHHRSRVLCB2SPutqGpGQKTebPjHGR1rp4SCWuiLAU/X3REZCpUahrztDAgM1703E/7xuCsG5m/EoSYFFdLYoSAWGGE8SwT0uGQUx0oRQyfWtmA6IJBR0bkUdgj3/8iJpnVTtWrV2c1quX+ZxFFAJHaJjZKMzVEfXqIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz9I1JaU</latexit>

|gR1i ,
<latexit sha1_base64="HWpTB9uPnlFCGHmG7mpaklaa1k0=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJukGglQRsLiwjmAdklzE5mkyGzD2buCmFNYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPV4suALL+jZyK6tr6xv5zcLW9s7unrl/0FJRIilr0khEsuMRxQQPWRM4CNaJJSOBJ1jbG11N/fY9k4pH4R2MY+YGZBByn1MCWuqZRUcwHx7woJfeVCcYO5IPhnCBnTIu98ySVbFmwMvEzkgJZWj0zC+nH9EkYCFQQZTq2lYMbkokcCrYpOAkisWEjsiAdTUNScCUm86emOBjrfSxH0ldIeCZ+nsiJYFS48DTnQGBoVr0puJ/XjcB/9xNeRgnwEI6X+QnAkOEp4ngPpeMghhrQqjk+lZMh0QSCjq3gg7BXnx5mbSqFbtWqd2eluqXWRx5VERH6ATZ6AzV0TVqoCai6BE9o1f0ZjwZL8a78TFvzRnZzCH6A+PzB0Dvlo8=</latexit>

|gL2i ,

<latexit sha1_base64="OLuuEfgOTKkSe5HKzh9fHBrpMnI=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAZBMIQZkehJol48RjALZIahp9OTNOlZ6K4Rwhjw4q948aCIV3/Cm39jZzlo4oOCx3tVVNXzE8EVWNa3kVtYXFpeya8W1tY3NrfM7Z2GilNJWZ3GIpYtnygmeMTqwEGwViIZCX3Bmn7/euQ375lUPI7uYJAwNyTdiAecEtCSZ+45ggXwgC+97HiIsSN5twcX2CnhkmcWrbI1Bp4n9pQU0RQ1z/xyOjFNQxYBFUSptm0l4GZEAqeCDQtOqlhCaJ90WVvTiIRMudn4hyE+1EoHB7HUFQEeq78nMhIqNQh93RkS6KlZbyT+57VTCM7djEdJCiyik0VBKjDEeBQI7nDJKIiBJoRKrm/FtEckoaBjK+gQ7NmX50njpGxXypXb02L1ahpHHu2jA3SEbHSGqugG1VAdUfSIntErejOejBfj3fiYtOaM6cwu+gPj8wdYjpYM</latexit>

|A+i ,

<latexit sha1_base64="qvPwucNUnuGGoHK4ZPHZeePm+OM=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgED6UkItWTFL14rGJboQlhs920Szcf7E6EEgte/CtePCji1T/hzX/jts1BWx8MPN6bYWaenwiuwLK+jcLC4tLySnG1tLa+sbllbu+0VJxKypo0FrG884ligkesCRwEu0skI6EvWNsfXI799j2TisfRLQwT5oakF/GAUwJa8sw9R7AAHrBVGXg3GDuS9/pwjp0Krnhm2apaE+B5YuekjHI0PPPL6cY0DVkEVBClOraVgJsRCZwKNio5qWIJoQPSYx1NIxIy5WaTH0b4UCtdHMRSVwR4ov6eyEio1DD0dWdIoK9mvbH4n9dJIThzMx4lKbCIThcFqcAQ43EguMsloyCGmhAqub4V0z6RhIKOraRDsGdfniet46pdq9auT8r1izyOItpHB+gI2egU1dEVaqAmougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wfh8JXB</latexit>

|0, kRi ,

<latexit sha1_base64="VgctorgCuij2+ogtn+Y0yoC+ig0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FBKIlI9SdGLxwr2A5pQNttNu3SzCbsTodR68a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tnJLyyura/n1wsbm1vaOvbvX0HGqKKvTWMSqFRDNBJesDhwEayWKkSgQrBkMrid+854pzWN5B8OE+RHpSR5ySsBIHfvAEyyEB+yUHIw9xXt9uMReCZc6dtEpO1PgReJmpIgy1Dr2l9eNaRoxCVQQrduuk4A/Igo4FWxc8FLNEkIHpMfahkoSMe2Pph+M8bFRujiMlSkJeKr+nhiRSOthFJjOiEBfz3sT8T+vnUJ44Y+4TFJgks4WhanAEONJHLjLFaMghoYQqri5FdM+UYSCCa1gQnDnX14kjdOyWylXbs+K1assjjw6REfoBLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1MWvNWdnMPvoD6/MHHbKUwQ==</latexit>

|0, 0i ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="TGJ/txp4mNesSFGiygjw1ZkDd7c=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBIoRdkWglQRsLiyjmAdmwzE5mk2FnH8zcFcKaxsZfsbFQxNZ/sPNvnDwKTTxw4XDOvdx7j5cIrsCyvo3cwuLS8kp+tbC2vrG5ZW7vNFScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0gsuR37xnUvE4uoNBwjoh6UXc55SAllxz3xHMhwccuNelwL3F2JG814dz7JRwyTWLVtkaA88Te0qKaIqaa3453ZimIYuACqJU27YS6GREAqeCDQtOqlhCaEB6rK1pREKmOtn4iyE+1EoX+7HUFQEeq78nMhIqNQg93RkS6KtZbyT+57VT8M86GY+SFFhEJ4v8VGCI8SgS3OWSURADTQiVXN+KaZ9IQkEHV9Ah2LMvz5PGcdmulCs3J8XqxTSOPNpDB+gI2egUVdEVqqE6ougRPaNX9GY8GS/Gu/Exac0Z05ld9AfG5w+fuZa7</latexit>

|kL, kRi , <latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="TGJ/txp4mNesSFGiygjw1ZkDd7c=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBIoRdkWglQRsLiyjmAdmwzE5mk2FnH8zcFcKaxsZfsbFQxNZ/sPNvnDwKTTxw4XDOvdx7j5cIrsCyvo3cwuLS8kp+tbC2vrG5ZW7vNFScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0gsuR37xnUvE4uoNBwjoh6UXc55SAllxz3xHMhwccuNelwL3F2JG814dz7JRwyTWLVtkaA88Te0qKaIqaa3453ZimIYuACqJU27YS6GREAqeCDQtOqlhCaEB6rK1pREKmOtn4iyE+1EoX+7HUFQEeq78nMhIqNQg93RkS6KtZbyT+57VT8M86GY+SFFhEJ4v8VGCI8SgS3OWSURADTQiVXN+KaZ9IQkEHV9Ah2LMvz5PGcdmulCs3J8XqxTSOPNpDB+gI2egUVdEVqqE6ougRPaNX9GY8GS/Gu/Exac0Z05ld9AfG5w+fuZa7</latexit>

|kL, kRi ,
<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="HHaH8pGM2SXYhT7ao9dhyJM5GiI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1ZUUXeiygn1AE8JkOmmHTh7M3Agh1l9x40IRt36IO//GaZuFth64cDjnXu69x08EV2BZ30ZpZXVtfaO8Wdna3tndM/cPOipOJWVtGotY9nyimOARawMHwXqJZCT0Bev64+up331gUvE4uocsYW5IhhEPOCWgJc+sOoIF8IhvPBtjR/LhCC49s2bVrRnwMrELUkMFWp755QximoYsAiqIUn3bSsDNiQROBZtUnFSxhNAxGbK+phEJmXLz2fETfKyVAQ5iqSsCPFN/T+QkVCoLfd0ZEhipRW8q/uf1Uwgu3JxHSQosovNFQSowxHiaBB5wySiITBNCJde3YjoiklDQeVV0CPbiy8ukc1q3G/XG3VmteVXEUUaH6AidIBudoya6RS3URhRl6Bm9ojfjyXgx3o2PeWvJKGaq6A+Mzx9FzpPm</latexit>

|G1i
<latexit sha1_base64="jzua2ML6uhu8OtgbOT2W84uqBdM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaRIdSVFF7qsYB/QhDCZTtqhkwczN0KI9VfcuFDErR/izr9x2mahrQcuHM65l3vv8RPBFVjWt7Gyura+sVnaKm/v7O7tmweHHRWnkrI2jUUsez5RTPCItYGDYL1EMhL6gnX98fXU7z4wqXgc3UOWMDckw4gHnBLQkmdWHMECeMQ3Xh1jR/LhCC49s2rVrBnwMrELUkUFWp755QximoYsAiqIUn3bSsDNiQROBZuUnVSxhNAxGbK+phEJmXLz2fETfKKVAQ5iqSsCPFN/T+QkVCoLfd0ZEhipRW8q/uf1Uwgu3JxHSQosovNFQSowxHiaBB5wySiITBNCJde3YjoiklDQeZV1CPbiy8ukU6/ZjVrj7qzavCriKKEjdIxOkY3OURPdohZqI4oy9Ixe0ZvxZLwY78bHvHXFKGYq6A+Mzx9HW5Pn</latexit>

|G2i<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,

<latexit sha1_base64="jzua2ML6uhu8OtgbOT2W84uqBdM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaRIdSVFF7qsYB/QhDCZTtqhkwczN0KI9VfcuFDErR/izr9x2mahrQcuHM65l3vv8RPBFVjWt7Gyura+sVnaKm/v7O7tmweHHRWnkrI2jUUsez5RTPCItYGDYL1EMhL6gnX98fXU7z4wqXgc3UOWMDckw4gHnBLQkmdWHMECeMQ3Xh1jR/LhCC49s2rVrBnwMrELUkUFWp755QximoYsAiqIUn3bSsDNiQROBZuUnVSxhNAxGbK+phEJmXLz2fETfKKVAQ5iqSsCPFN/T+QkVCoLfd0ZEhipRW8q/uf1Uwgu3JxHSQosovNFQSowxHiaBB5wySiITBNCJde3YjoiklDQeZV1CPbiy8ukU6/ZjVrj7qzavCriKKEjdIxOkY3OURPdohZqI4oy9Ixe0ZvxZLwY78bHvHXFKGYq6A+Mzx9HW5Pn</latexit>

|G2i
<latexit sha1_base64="HHaH8pGM2SXYhT7ao9dhyJM5GiI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1ZUUXeiygn1AE8JkOmmHTh7M3Agh1l9x40IRt36IO//GaZuFth64cDjnXu69x08EV2BZ30ZpZXVtfaO8Wdna3tndM/cPOipOJWVtGotY9nyimOARawMHwXqJZCT0Bev64+up331gUvE4uocsYW5IhhEPOCWgJc+sOoIF8IhvPBtjR/LhCC49s2bVrRnwMrELUkMFWp755QximoYsAiqIUn3bSsDNiQROBZtUnFSxhNAxGbK+phEJmXLz2fETfKyVAQ5iqSsCPFN/T+QkVCoLfd0ZEhipRW8q/uf1Uwgu3JxHSQosovNFQSowxHiaBB5wySiITBNCJde3YjoiklDQeVV0CPbiy8ukc1q3G/XG3VmteVXEUUaH6AidIBudoya6RS3URhRl6Bm9ojfjyXgx3o2PeWvJKGaq6A+Mzx9FzpPm</latexit>

|G1i

<latexit sha1_base64="qvPwucNUnuGGoHK4ZPHZeePm+OM=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgED6UkItWTFL14rGJboQlhs920Szcf7E6EEgte/CtePCji1T/hzX/jts1BWx8MPN6bYWaenwiuwLK+jcLC4tLySnG1tLa+sbllbu+0VJxKypo0FrG884ligkesCRwEu0skI6EvWNsfXI799j2TisfRLQwT5oakF/GAUwJa8sw9R7AAHrBVGXg3GDuS9/pwjp0Krnhm2apaE+B5YuekjHI0PPPL6cY0DVkEVBClOraVgJsRCZwKNio5qWIJoQPSYx1NIxIy5WaTH0b4UCtdHMRSVwR4ov6eyEio1DD0dWdIoK9mvbH4n9dJIThzMx4lKbCIThcFqcAQ43EguMsloyCGmhAqub4V0z6RhIKOraRDsGdfniet46pdq9auT8r1izyOItpHB+gI2egU1dEVaqAmougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wfh8JXB</latexit>

|0, kRi ,

<latexit sha1_base64="JBK1OSgPNBTFSBGad6aE6FJzvzk=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgEixDuRKKVBG0sLCKYRMgdx95mL1my98HunBDOgI1/xcZCEVv/hJ3/xk1yhSY+GHi8N8PMPD8RXIFlfRuFhcWl5ZXiamltfWNzy9zeaak4lZQ1aSxieecTxQSPWBM4CHaXSEZCX7C2P7gc++17JhWPo1sYJswNSS/iAacEtOSZe45gATzggXddsTB2JO/14Rw7FVzxzLJVtSbA88TOSRnlaHjml9ONaRqyCKggSnVsKwE3IxI4FWxUclLFEkIHpMc6mkYkZMrNJj+M8KFWujiIpa4I8ET9PZGRUKlh6OvOkEBfzXpj8T+vk0Jw5mY8SlJgEZ0uClKBIcbjQHCXS0ZBDDUhVHJ9K6Z9IgkFHVtJh2DPvjxPWsdVu1at3ZyU6xd5HEW0jw7QEbLRKaqjK9RATUTRI3pGr+jNeDJejHfjY9paMPKZXfQHxucP2ZiVuw==</latexit>

|kL, 0i ,
<latexit sha1_base64="JBK1OSgPNBTFSBGad6aE6FJzvzk=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgEixDuRKKVBG0sLCKYRMgdx95mL1my98HunBDOgI1/xcZCEVv/hJ3/xk1yhSY+GHi8N8PMPD8RXIFlfRuFhcWl5ZXiamltfWNzy9zeaak4lZQ1aSxieecTxQSPWBM4CHaXSEZCX7C2P7gc++17JhWPo1sYJswNSS/iAacEtOSZe45gATzggXddsTB2JO/14Rw7FVzxzLJVtSbA88TOSRnlaHjml9ONaRqyCKggSnVsKwE3IxI4FWxUclLFEkIHpMc6mkYkZMrNJj+M8KFWujiIpa4I8ET9PZGRUKlh6OvOkEBfzXpj8T+vk0Jw5mY8SlJgEZ0uClKBIcbjQHCXS0ZBDDUhVHJ9K6Z9IgkFHVtJh2DPvjxPWsdVu1at3ZyU6xd5HEW0jw7QEbLRKaqjK9RATUTRI3pGr+jNeDJejHfjY9paMPKZXfQHxucP2ZiVuw==</latexit>

|kL, 0i ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,

<latexit sha1_base64="qvPwucNUnuGGoHK4ZPHZeePm+OM=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgED6UkItWTFL14rGJboQlhs920Szcf7E6EEgte/CtePCji1T/hzX/jts1BWx8MPN6bYWaenwiuwLK+jcLC4tLySnG1tLa+sbllbu+0VJxKypo0FrG884ligkesCRwEu0skI6EvWNsfXI799j2TisfRLQwT5oakF/GAUwJa8sw9R7AAHrBVGXg3GDuS9/pwjp0Krnhm2apaE+B5YuekjHI0PPPL6cY0DVkEVBClOraVgJsRCZwKNio5qWIJoQPSYx1NIxIy5WaTH0b4UCtdHMRSVwR4ov6eyEio1DD0dWdIoK9mvbH4n9dJIThzMx4lKbCIThcFqcAQ43EguMsloyCGmhAqub4V0z6RhIKOraRDsGdfniet46pdq9auT8r1izyOItpHB+gI2egU1dEVaqAmougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wfh8JXB</latexit>

|0, kRi ,

<latexit sha1_base64="qvPwucNUnuGGoHK4ZPHZeePm+OM=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgED6UkItWTFL14rGJboQlhs920Szcf7E6EEgte/CtePCji1T/hzX/jts1BWx8MPN6bYWaenwiuwLK+jcLC4tLySnG1tLa+sbllbu+0VJxKypo0FrG884ligkesCRwEu0skI6EvWNsfXI799j2TisfRLQwT5oakF/GAUwJa8sw9R7AAHrBVGXg3GDuS9/pwjp0Krnhm2apaE+B5YuekjHI0PPPL6cY0DVkEVBClOraVgJsRCZwKNio5qWIJoQPSYx1NIxIy5WaTH0b4UCtdHMRSVwR4ov6eyEio1DD0dWdIoK9mvbH4n9dJIThzMx4lKbCIThcFqcAQ43EguMsloyCGmhAqub4V0z6RhIKOraRDsGdfniet46pdq9auT8r1izyOItpHB+gI2egU1dEVaqAmougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wfh8JXB</latexit>

|0, kRi ,<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="xllqLhq65GDzvYjtK0pJHU3u+b8=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJukGglQRvLKOYB2SXMTmaTIbMPZu4KYU1h46/YWChi60fY+TdOki008cCFwzn3cu89Xiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsbXU399j2TikfhHYxj5gZkEHKfUwJa6plFRzAfHvCgl95WJxg7kg+GcIGdMi73zJJVsWbAy8TOSAllaPTML6cf0SRgIVBBlOraVgxuSiRwKtik4CSKxYSOyIB1NQ1JwJSbzp6Y4GOt9LEfSV0h4Jn6eyIlgVLjwNOdAYGhWvSm4n9eNwH/3E15GCfAQjpf5CcCQ4SnieA+l4yCGGtCqOT6VkyHRBIKOreCDsFefHmZtKoVu1ap3ZyW6pdZHHlUREfoBNnoDNXRNWqgJqLoET2jV/RmPBkvxrvxMW/NGdnMIfoD4/MHSmeWlQ==</latexit>

|gR2i ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="JBK1OSgPNBTFSBGad6aE6FJzvzk=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgEixDuRKKVBG0sLCKYRMgdx95mL1my98HunBDOgI1/xcZCEVv/hJ3/xk1yhSY+GHi8N8PMPD8RXIFlfRuFhcWl5ZXiamltfWNzy9zeaak4lZQ1aSxieecTxQSPWBM4CHaXSEZCX7C2P7gc++17JhWPo1sYJswNSS/iAacEtOSZe45gATzggXddsTB2JO/14Rw7FVzxzLJVtSbA88TOSRnlaHjml9ONaRqyCKggSnVsKwE3IxI4FWxUclLFEkIHpMc6mkYkZMrNJj+M8KFWujiIpa4I8ET9PZGRUKlh6OvOkEBfzXpj8T+vk0Jw5mY8SlJgEZ0uClKBIcbjQHCXS0ZBDDUhVHJ9K6Z9IgkFHVtJh2DPvjxPWsdVu1at3ZyU6xd5HEW0jw7QEbLRKaqjK9RATUTRI3pGr+jNeDJejHfjY9paMPKZXfQHxucP2ZiVuw==</latexit>

|kL, 0i ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="JBK1OSgPNBTFSBGad6aE6FJzvzk=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgEixDuRKKVBG0sLCKYRMgdx95mL1my98HunBDOgI1/xcZCEVv/hJ3/xk1yhSY+GHi8N8PMPD8RXIFlfRuFhcWl5ZXiamltfWNzy9zeaak4lZQ1aSxieecTxQSPWBM4CHaXSEZCX7C2P7gc++17JhWPo1sYJswNSS/iAacEtOSZe45gATzggXddsTB2JO/14Rw7FVzxzLJVtSbA88TOSRnlaHjml9ONaRqyCKggSnVsKwE3IxI4FWxUclLFEkIHpMc6mkYkZMrNJj+M8KFWujiIpa4I8ET9PZGRUKlh6OvOkEBfzXpj8T+vk0Jw5mY8SlJgEZ0uClKBIcbjQHCXS0ZBDDUhVHJ9K6Z9IgkFHVtJh2DPvjxPWsdVu1at3ZyU6xd5HEW0jw7QEbLRKaqjK9RATUTRI3pGr+jNeDJejHfjY9paMPKZXfQHxucP2ZiVuw==</latexit>

|kL, 0i ,
<latexit sha1_base64="Jk13yiZxodRfz+5Cep3NE6YRjJc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsQtgViVYStLGwiGAekF2W2clsMmT2wcxdIawpbPwVGwtFbP0IO//GSbKFJh64cDjnXu69x08EV2BZ38bS8srq2npho7i5tb2za+7tt1ScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h1cTv33PpOJxdAejhLkh6Uc84JSAljyz5AgWwAPue9mNPcbYkbw/gAvsVHDFM8tW1ZoCLxI7J2WUo+GZX04vpmnIIqCCKNW1rQTcjEjgVLBx0UkVSwgdkj7rahqRkCk3mz4xxkda6eEglroiwFP190RGQqVGoa87QwIDNe9NxP+8bgrBuZvxKEmBRXS2KEgFhhhPEsE9LhkFMdKEUMn1rZgOiCQUdG5FHYI9//IiaZ1U7Vq1dntarl/mcRRQCR2iY2SjM1RH16iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/P1yWjg==</latexit>

|gL1i ,

<latexit sha1_base64="SvNz/xRLxF4AoHA2C55zxo/ISPA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJKIVFdSdOOyin1AE8JkOmmHTh7M3AglduHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTwRXYFnfxtLyyuraemGjuLm1vbNr7u23VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaHVxO/fc+k4nF0B6OEuSHpRzzglICWPLPkCBbAA+572a09xtiRvD+AC+xUcMUzy1bVmgIvEjsnZZSj4ZlfTi+macgioIIo1bWtBNyMSOBUsHHRSRVLCB2SPutqGpGQKTebPjHGR1rp4SCWuiLAU/X3REZCpUahrztDAgM1703E/7xuCsG5m/EoSYFFdLYoSAWGGE8SwT0uGQUx0oRQyfWtmA6IJBR0bkUdgj3/8iJpnVTtWrV2c1quX+ZxFFAJHaJjZKMzVEfXqIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz9I1JaU</latexit>

|gR1i ,
<latexit sha1_base64="HWpTB9uPnlFCGHmG7mpaklaa1k0=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJukGglQRsLiwjmAdklzE5mkyGzD2buCmFNYeOv2FgoYutH2Pk3TpItNPHAhcM593LvPV4suALL+jZyK6tr6xv5zcLW9s7unrl/0FJRIilr0khEsuMRxQQPWRM4CNaJJSOBJ1jbG11N/fY9k4pH4R2MY+YGZBByn1MCWuqZRUcwHx7woJfeVCcYO5IPhnCBnTIu98ySVbFmwMvEzkgJZWj0zC+nH9EkYCFQQZTq2lYMbkokcCrYpOAkisWEjsiAdTUNScCUm86emOBjrfSxH0ldIeCZ+nsiJYFS48DTnQGBoVr0puJ/XjcB/9xNeRgnwEI6X+QnAkOEp4ngPpeMghhrQqjk+lZMh0QSCjq3gg7BXnx5mbSqFbtWqd2eluqXWRx5VERH6ATZ6AzV0TVqoCai6BE9o1f0ZjwZL8a78TFvzRnZzCH6A+PzB0Dvlo8=</latexit>

|gL2i ,<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="xllqLhq65GDzvYjtK0pJHU3u+b8=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJukGglQRvLKOYB2SXMTmaTIbMPZu4KYU1h46/YWChi60fY+TdOki008cCFwzn3cu89Xiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsbXU399j2TikfhHYxj5gZkEHKfUwJa6plFRzAfHvCgl95WJxg7kg+GcIGdMi73zJJVsWbAy8TOSAllaPTML6cf0SRgIVBBlOraVgxuSiRwKtik4CSKxYSOyIB1NQ1JwJSbzp6Y4GOt9LEfSV0h4Jn6eyIlgVLjwNOdAYGhWvSm4n9eNwH/3E15GCfAQjpf5CcCQ4SnieA+l4yCGGtCqOT6VkyHRBIKOreCDsFefHmZtKoVu1ap3ZyW6pdZHHlUREfoBNnoDNXRNWqgJqLoET2jV/RmPBkvxrvxMW/NGdnMIfoD4/MHSmeWlQ==</latexit>

|gR2i ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,

<latexit sha1_base64="zEUVAkYJpw/Rg+n0wRlPinIet3Y=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgoZRdkeqx6MVjBfuB3aVk02wbmk2WZFYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewtr6xuVXcLu3s7u0flA+P2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vp35nSemDVfyASYJC2IylDzilICVHn0FPGbGr1b75Ypbc+fAq8TLSQXlaPbLX/5A0TRmEqggxvQ8N4EgIxo4FWxa8lPDEkLHZMh6lkpi9wTZ/OIpPrPKAEdK25KA5+rviYzExkzi0HbGBEZm2ZuJ/3m9FKLrIOMySYFJulgUpQKDwrP38YBrRkFMLCFUc3srpiOiCQUbUsmG4C2/vEraFzWvXqvfX1YaN3kcRXSCTtE58tAVaqA71EQtRJFEz+gVvTnGeXHenY9Fa8HJZ47RHzifPxLskIo=</latexit>⌦ ,
<latexit sha1_base64="Jk13yiZxodRfz+5Cep3NE6YRjJc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsQtgViVYStLGwiGAekF2W2clsMmT2wcxdIawpbPwVGwtFbP0IO//GSbKFJh64cDjnXu69x08EV2BZ38bS8srq2npho7i5tb2za+7tt1ScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h1cTv33PpOJxdAejhLkh6Uc84JSAljyz5AgWwAPue9mNPcbYkbw/gAvsVHDFM8tW1ZoCLxI7J2WUo+GZX04vpmnIIqCCKNW1rQTcjEjgVLBx0UkVSwgdkj7rahqRkCk3mz4xxkda6eEglroiwFP190RGQqVGoa87QwIDNe9NxP+8bgrBuZvxKEmBRXS2KEgFhhhPEsE9LhkFMdKEUMn1rZgOiCQUdG5FHYI9//IiaZ1U7Vq1dntarl/mcRRQCR2iY2SjM1RH16iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/P1yWjg==</latexit>

|gL1i ,

<latexit sha1_base64="VgctorgCuij2+ogtn+Y0yoC+ig0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FBKIlI9SdGLxwr2A5pQNttNu3SzCbsTodR68a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tnJLyyura/n1wsbm1vaOvbvX0HGqKKvTWMSqFRDNBJesDhwEayWKkSgQrBkMrid+854pzWN5B8OE+RHpSR5ySsBIHfvAEyyEB+yUHIw9xXt9uMReCZc6dtEpO1PgReJmpIgy1Dr2l9eNaRoxCVQQrduuk4A/Igo4FWxc8FLNEkIHpMfahkoSMe2Pph+M8bFRujiMlSkJeKr+nhiRSOthFJjOiEBfz3sT8T+vnUJ44Y+4TFJgks4WhanAEONJHLjLFaMghoYQqri5FdM+UYSCCa1gQnDnX14kjdOyWylXbs+K1assjjw6REfoBLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1MWvNWdnMPvoD6/MHHbKUwQ==</latexit>

|0, 0i ,

<latexit sha1_base64="VgctorgCuij2+ogtn+Y0yoC+ig0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FBKIlI9SdGLxwr2A5pQNttNu3SzCbsTodR68a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tnJLyyura/n1wsbm1vaOvbvX0HGqKKvTWMSqFRDNBJesDhwEayWKkSgQrBkMrid+854pzWN5B8OE+RHpSR5ySsBIHfvAEyyEB+yUHIw9xXt9uMReCZc6dtEpO1PgReJmpIgy1Dr2l9eNaRoxCVQQrduuk4A/Igo4FWxc8FLNEkIHpMfahkoSMe2Pph+M8bFRujiMlSkJeKr+nhiRSOthFJjOiEBfz3sT8T+vnUJ44Y+4TFJgks4WhanAEONJHLjLFaMghoYQqri5FdM+UYSCCa1gQnDnX14kjdOyWylXbs+K1assjjw6REfoBLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1MWvNWdnMPvoD6/MHHbKUwQ==</latexit>

|0, 0i ,

<latexit sha1_base64="VgctorgCuij2+ogtn+Y0yoC+ig0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FBKIlI9SdGLxwr2A5pQNttNu3SzCbsTodR68a948aCIV/+FN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tnJLyyura/n1wsbm1vaOvbvX0HGqKKvTWMSqFRDNBJesDhwEayWKkSgQrBkMrid+854pzWN5B8OE+RHpSR5ySsBIHfvAEyyEB+yUHIw9xXt9uMReCZc6dtEpO1PgReJmpIgy1Dr2l9eNaRoxCVQQrduuk4A/Igo4FWxc8FLNEkIHpMfahkoSMe2Pph+M8bFRujiMlSkJeKr+nhiRSOthFJjOiEBfz3sT8T+vnUJ44Y+4TFJgks4WhanAEONJHLjLFaMghoYQqri5FdM+UYSCCa1gQnDnX14kjdOyWylXbs+K1assjjw6REfoBLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1MWvNWdnMPvoD6/MHHbKUwQ==</latexit>

|0, 0i ,

<latexit sha1_base64="HHaH8pGM2SXYhT7ao9dhyJM5GiI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1ZUUXeiygn1AE8JkOmmHTh7M3Agh1l9x40IRt36IO//GaZuFth64cDjnXu69x08EV2BZ30ZpZXVtfaO8Wdna3tndM/cPOipOJWVtGotY9nyimOARawMHwXqJZCT0Bev64+up331gUvE4uocsYW5IhhEPOCWgJc+sOoIF8IhvPBtjR/LhCC49s2bVrRnwMrELUkMFWp755QximoYsAiqIUn3bSsDNiQROBZtUnFSxhNAxGbK+phEJmXLz2fETfKyVAQ5iqSsCPFN/T+QkVCoLfd0ZEhipRW8q/uf1Uwgu3JxHSQosovNFQSowxHiaBB5wySiITBNCJde3YjoiklDQeVV0CPbiy8ukc1q3G/XG3VmteVXEUUaH6AidIBudoya6RS3URhRl6Bm9ojfjyXgx3o2PeWvJKGaq6A+Mzx9FzpPm</latexit>

|G1i
<latexit sha1_base64="jzua2ML6uhu8OtgbOT2W84uqBdM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaRIdSVFF7qsYB/QhDCZTtqhkwczN0KI9VfcuFDErR/izr9x2mahrQcuHM65l3vv8RPBFVjWt7Gyura+sVnaKm/v7O7tmweHHRWnkrI2jUUsez5RTPCItYGDYL1EMhL6gnX98fXU7z4wqXgc3UOWMDckw4gHnBLQkmdWHMECeMQ3Xh1jR/LhCC49s2rVrBnwMrELUkUFWp755QximoYsAiqIUn3bSsDNiQROBZuUnVSxhNAxGbK+phEJmXLz2fETfKKVAQ5iqSsCPFN/T+QkVCoLfd0ZEhipRW8q/uf1Uwgu3JxHSQosovNFQSowxHiaBB5wySiITBNCJde3YjoiklDQeZV1CPbiy8ukU6/ZjVrj7qzavCriKKEjdIxOkY3OURPdohZqI4oy9Ixe0ZvxZLwY78bHvHXFKGYq6A+Mzx9HW5Pn</latexit>

|G2i
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<latexit sha1_base64="JUuGIfurYjA4ZVicwerHEVnyk3w="></latexit>

�(phon)
rel (�) =

✓
t12
�

◆2

Jphon (�)

<latexit sha1_base64="YUJHVzVG0etRUeymVGWhIOtMGFo="></latexit>
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<latexit sha1_base64="JUuGIfurYjA4ZVicwerHEVnyk3w="></latexit>

�(phon)
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DQD tunneling coupling (dipole)
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Experimental feasibility 
range of parameters 

Spin relaxation and dephasing 

relaxation <latexit sha1_base64="pyn8yW9y50GyhuFvonT6RivdQ8Y=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJQyI1JdFt0U3FSwD+gMJZNm2tAkMyQZsY5d+CtuXCji1t9w59+YtrPQ1gMXDufcy733BDGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29pooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8Grit+6IVDQSt3oUE5+jvqAhxUgbqWsfeIpy6EKv5JWgx4PoPr2uPYy7dtEpO1PAReJmpAgy1Lv2l9eLcMKJ0JghpTquE2s/RVJTzMi44CWKxAgPUZ90DBWIE+Wn0/vH8NgoPRhG0pTQcKr+nkgRV2rEA9PJkR6oeW8i/ud1Eh1e+CkVcaKJwLNFYcKgjuAkDNijkmDNRoYgLKm5FeIBkghrE1nBhODOv7xImqdlt1Ku3JwVq5dZHHlwCI7ACXDBOaiCGqiDBsDgETyDV/BmPVkv1rv1MWvNWdnMPvgD6/MHJoaU7w==</latexit>⇠ 1 KHz
Ga-As

N. W. Hendrickx et al., Nature 591, 580 (2021).

Charge  dephasing 

dephasing

<latexit sha1_base64="Z0X7zuBGl5HwCW+RmTuqaJCAiRQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgIpREtLosuulGqGAf0IQymU7aoZNMmJlIa+jKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jx8zKpVtfxu5peWV1bX8emFjc2t7x9zda0ieCEzqmDMuWj6ShNGI1BVVjLRiQVDoM9L0B9cTv3lPhKQ8ulOjmHgh6kU0oBgpLXXMQxfFseBDeG5D13It6IY+H6Y31Yexa1kds2iX7CngInEyUgQZah3zy+1ynIQkUpghKduOHSsvRUJRzMi44CaSxAgPUI+0NY1QSKSXTt8Yw2OtdGHAha5Iwan6eyJFoZSj0NedIVJ9Oe9NxP+8dqKCSy+lUZwoEuHZoiBhUHE4yQR2qSBYsZEmCAuqb4W4jwTCSidX0CE48y8vksZpySmXyrdnxcpVFkceHIAjcAIccAEqoApqoA4weATP4BW8GU/Gi/FufMxac0Y2sw/+wPj8Acxzl3A=</latexit>⇡ 50 MHz ,at large detuning in GaAs P. Scarlino et al., PRL 122, 206802 (2019)

P. Scarlino et al., PRX 12, 031004 (2022)

Si A. Zwanenburg et al., RMP  85, 961 (2013)

Ge W. I. L. Lawrie et al., Nano Letters 20, 7237 (2020).

single QD

<latexit sha1_base64="LztFYPt8H1LIJvstSVLg3A+r18Y=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWYqqRChYGhgoWxSH1JTRQ5rtNatePIdhBV1C9g4VdYGECIlZmNv8FtM5SWI92ro3PulX1PmDCqtOP8WGvrG5tb24Wd4u7e/sGhfXTcViKVmLSwYEJ2Q6QIozFpaaoZ6SaSIB4y0glHt1O/80CkoiJu6nFCfI4GMY0oRtpIgV12ocdTj4fiMVMTeA2bQdV013EW9cAuORVnBrhK3JyUQI5GYH97fYFTTmKNGVKq5zqJ9jMkNcWMTIpeqkiC8AgNSM/QGHGi/Gx2zgSWjdKHkZCmYg1n6uJGhrhSYx6aSY70UC17U/E/r5fq6MrPaJykmsR4/lCUMqgFnGYD+1QSrNnYEIQlNX+FeIgkwtokWDQhuMsnr5J2teLWKrX7i1L9Jo+jAE7BGTgHLrgEdXAHGqAFMHgCL+ANvFvP1qv1YX3OR9esfOcE/IH19Qtr4Jp9</latexit>

1µs < T2 < 100µs
Ge

P. Scarlino et al., PRL 113, 256802 (2014)

Si (purified) M. Veldhorst et al.,, Nat. Nanotechn. 9, 981 (2014)
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3. Photodetection and quantum 
nondemolition with quantum dots  
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Single microwave photon detection 
State of the art: Josephson  junction circuits and qubits

Metastability

Y.-F. Chen et al., Phys. Rev. Lett. 107, 217401 (2011)
A.L. Pankratov et al., npj Quatum Inf. 8, 61 (2022)
A.L. Pankratov et al., Nat. Commun. 16, 3457 (2025)

A. Opremcak et al., Science 361, 1239 (2018) 
A. Opremcak et al., Phys. Rev. X 11, 011027 (2021)

K. Petrovnin et al.,  
PRX Quantum 5, 020342 (2024)

Engineered dissipation

K. Inomata, et al., Nat. Commun. 7, 12303 (2016) R.Lescanne et al., PRX 10, 021038 (2020) O. Stanisavljević et al., PRL 133, 076302 (2024)
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Single microwave photon detection 

QND with superconducting qubit (dispersive interaction) 

A. Narla et al., PRX 6, 031036 (2016) S. Kono  et al., Nature Phys. 14, 546 (2018)

J.-C. Besse et al., PRX 8, 021003 (2018)

21

State of the art: Josephson  junction circuits and qubits
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Single microwave photon detection 
State of the art: quantum dots

see also review A. Ghirri et al., Sensors 20, 4010 (2020)

W. Khan et al., Nat. Comm. 12, 5130 (2021)  S. Haldar et al., PRL 133, 217001 (2024)

Photon-assisted tunneling  (Maisi’s group) 

22

High-Efficiency Tunable Microwave Photon (Scarlino’s group)

F. Opplinger et al., arxiv.org/abs/2506.19828
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Our proposal
dispersive interaction between  
a DQD and a cavity (charge detector)

<latexit sha1_base64="hZgb+28OYOiykjOrkP73Sm6RszE="></latexit>

HcQED = "n̂D + ~!cn̂c + �n̂Dn̂c
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f0 = f(✏) ,
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f� = f(✏+ �)(Fermi function)
<latexit sha1_base64="PzOERfu2BtRsQBX23ZPwnN5rosA=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwUUpGpLpQKbpxWcE+oFNKJs20oZkHyR2hTPsbbvwVNy4Ucakr/8b0sdDWA4Fzz7mXm3u8WAoNhHxbmaXlldW17HpuY3Nre8fe3avpKFGMV1kkI9XwqOZShLwKAiRvxIrTwJO87vVvxn79gSstovAeBjFvBbQbCl8wCkZq28TtUUjdihi1Cb7EruQ+DDHBrhLdHlxN6gsyrYbYLRTadp4UyQR4kTgzkkczVNr2p9uJWBLwEJikWjcdEkMrpQoEk3yUcxPNY8r6tMubhoY04LqVTi4b4SOjdLAfKfNCwBP190RKA60HgWc6Awo9Pe+Nxf+8ZgL+eSsVYZwAD9l0kZ9IDBEex4Q7QnEGcmAIZUqYv2LWo4oyMGHmTAjO/MmLpHZSdErF0t1pvnw9iyOLDtAhOkYOOkNldIsqqIoYekTP6BW9WU/Wi/VufUxbM9ZsZh/9gfX1AzXRnzA=</latexit>

⇧̂0 = |0i h0| ,
<latexit sha1_base64="4YGcp515607xdsBmOHFXHebLw0g=">AAACGXicbVC7SgNBFJ2Nrxhfq5Y2g0GwCGFXJFqoBG0sI5gHZJcwO5lNhsw+mLkrhE1+w8ZfsbFQxFIr/8bJJoUmHhg495x7uXOPFwuuwLK+jdzS8srqWn69sLG5tb1j7u41VJRIyuo0EpFseUQxwUNWBw6CtWLJSOAJ1vQGNxO/+cCk4lF4D8OYuQHphdznlICWOqbl9AmkTo2POza+xI5gPoywjR3Je324yuoLe1qNsFMqdcyiVbYy4EViz0gRzVDrmJ9ON6JJwEKggijVtq0Y3JRI4FSwccFJFIsJHZAea2sakoApN80uG+MjrXSxH0n9QsCZ+nsiJYFSw8DTnQGBvpr3JuJ/XjsB/9xNeRgnwEI6XeQnAkOEJzHhLpeMghhqQqjk+q+Y9okkFHSYBR2CPX/yImmclO1KuXJ3Wqxez+LIowN0iI6Rjc5QFd2iGqojih7RM3pFb8aT8WK8Gx/T1pwxm9lHf2B8/QA6p58z</latexit>

⇧̂1 = |1i h1| ,
(single photon regime)

Tunneling dynamics with dispersive interaction 
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Theoretical model

source cavity 

C.W. Gardiner, PRL 70, 2269 (1993) 
H.J. Carmichael, PRL 70, 2273 (1993)

detection cavity chiral line

<latexit sha1_base64="qeySOVmDVczC7UaaBtZOzrpLPc4=">AAACH3icbVDLSgMxFM34rPU16tJNsAiuyoxIdSMU3bisYFVox+FOmk6DmcyQ3BHKMH/ixl9x40IRcde/Ma0FnwcCJ+fcS3JOlElh0PNGzszs3PzCYmWpuryyurbubmxemjTXjLdZKlN9HYHhUijeRoGSX2eaQxJJfhXdno79qzuujUjVBQ4zHiQQK9EXDNBKodvoDgALVYaFUCU9ppMrlDdFtwdxzHX5JWQDUJgmRVyWNHRrXt2bgP4l/pTUyBSt0H3v9lKWJ1whk2BMx/cyDArQKJjkZbWbG54Bu4WYdyxVkHATFJN8Jd21So/2U22PQjpRv28UkBgzTCI7mQAOzG9vLP7ndXLsHwU2eZYjV+zzoX4uKaZ0XBbtCc0ZyqElwLSwf6VsABoY2kqrtgT/d+S/5HK/7jfqjfODWvNkWkeFbJMdskd8ckia5Iy0SJswck8eyTN5cR6cJ+fVefscnXGmO1vkB5zRB68npKQ=</latexit>

n̂in = â†â
<latexit sha1_base64="6lZGUNwTwkfPPrvH6T0ahq2YBh4=">AAACHnicbVBNSwMxEM3W7/q16tFLsAieyq5o9SKIXjwq2Fpoa5lN021oNrsks0JZ9pd48a948aCI4En/jWktqK0PBl7emyEzL0ikMOh5n05hZnZufmFxqbi8srq27m5s1kycasarLJaxrgdguBSKV1Gg5PVEc4gCyW+C/vnQv7nj2ohYXeMg4a0IQiW6ggFaqe0eNnuAmcrbGcvpCR29gvw2a3YgDLnOf4SkBwrjKAvznLbdklf2RqDTxB+TEhnjsu2+NzsxSyOukEkwpuF7CbYy0CiY5HmxmRqeAOtDyBuWKoi4aWWj83K6a5UO7cbalkI6Un9PZBAZM4gC2xkB9sykNxT/8xopdo9bmVBJilyx74+6qaQY02FWtCM0ZygHlgDTwu5KWQ80MLSJFm0I/uTJ06S2X/Yr5crVQen0bBzHItkmO2SP+OSInJILckmqhJF78kieyYvz4Dw5r87bd2vBGc9skT9wPr4AxVikKA==</latexit>

n̂c = b̂†b̂

<latexit sha1_base64="SqU35FZG3dXTl0R48c15P5O68a4="></latexit>

Lcas[⇢̂] = ��in
⇥�

â†â, ⇢̂
 
� 2â⇢̂â†

⇤
� �c

hn
b̂†b̂, ⇢̂

o
� 2b̂⇢̂b̂†

i

� 2
p
�in�c

h
b̂†â⇢̂+ ⇢̂â†b̂� b̂⇢̂â† � â⇢̂b̂†

i
Tracing the line: 
dissipative nonreciprocal 
interaction

Quantum cascade model
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<latexit sha1_base64="EknMHcDSIwxAW1mEG8eE7XksVA0="></latexit>

�̂� = |0di h1d| ,
Charge detector

<latexit sha1_base64="0fkbLHdS2ugDG7HX4muWRqCp2NM="></latexit>

Ldet[⇢̂] = ��det


X̂�̂†⇢ �̂� � 1

2

n
X̂�̂��̂+, ⇢̂

o�
<latexit sha1_base64="6BM+u7jNjxiJRBuyOiTPuLObTBk="></latexit>

�̂+ = |1di h0d| ,
<latexit sha1_base64="+m1NlRCTmtRfNyohHEPsGqATNtw=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuLEkItWNUHTjsoK9QBvCZDpth04mYeZEKCHgq7hxoYhbn8Odb+M0zUJbfxj4+M85nDN/EAuuwXG+raXlldW19dJGeXNre2fX3ttv6ShRlDVpJCLVCYhmgkvWBA6CdWLFSBgI1g7Gt9N6+5EpzSP5AJOYeSEZSj7glICxfPuwNyKQdjJ8jd2znGXm93274lSdXHgR3AIqqFDDt796/YgmIZNABdG66zoxeClRwKlgWbmXaBYTOiZD1jUoSci0l+bnZ/jEOH08iJR5EnDu/p5ISaj1JAxMZ0hgpOdrU/O/WjeBwZWXchknwCSdLRokAkOEp1ngPleMgpgYIFRxcyumI6IIBZNY2YTgzn95EVrnVbdWrd1fVOo3RRwldISO0Sly0SWqozvUQE1EUYqe0St6s56sF+vd+pi1LlnFzAH6I+vzB0DnlQ4=</latexit>

X̂ = 1� n̂d

Master equation 
<latexit sha1_base64="sqr6sKiTC8ua02LOG4l/GGAzJrM="></latexit>

d⇢̂

dt
= �i [HcQED + ~!inn̂in, ⇢] + Ld [⇢̂] + Lcas [⇢̂] + Ldet [⇢̂] ,
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<latexit sha1_base64="l8q6swIDi4yCWr9Gu4GDBFzY0NM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wnyPbLFb/qz4FWSZCTCuRo9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqpBrVq7v6zUb/I4inACp3AOAVxBHe6gAU0gIOEZXuHNM96L9+59LFoLXj5zDH/gff4AOaOQpA==</latexit>

!ct

Photon-charge conversion
Check: no interaction with QDs

<latexit sha1_base64="yUl8oX9YsRLvjrm7p63ZohoDnrA=">AAAB/XicbZDLSgMxFIbPeK31Nl52boJFcFVmRKoboejGZQV7gXYYMmmmDc0kQ5IRaim+ihsXirj1Pdz5NqbtLLT1h8DHf84h5/xRypk2nvftLC2vrK6tFzaKm1vbO7vu3n5Dy0wRWieSS9WKsKacCVo3zHDaShXFScRpMxrcTOrNB6o0k+LeDFMaJLgnWMwINtYK3cOOTGgPh+QqhxET49AteWVvKrQIfg4lyFUL3a9OV5IsocIQjrVu+15qghFWhhFOx8VOpmmKyQD3aNuiwAnVwWi6/RidWKeLYqnsEwZN3d8TI5xoPUwi25lg09fztYn5X62dmfgysPekmaGCzD6KM46MRJMoUJcpSgwfWsBEMbsrIn2sMDE2sKINwZ8/eREaZ2W/Uq7cnZeq13kcBTiCYzgFHy6gCrdQgzoQeIRneIU358l5cd6dj1nrkpPPHMAfOZ8/x3yVdQ==</latexit>!c = !in

Dispersive interaction with QDs

25

<latexit sha1_base64="l8q6swIDi4yCWr9Gu4GDBFzY0NM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wnyPbLFb/qz4FWSZCTCuRo9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqpBrVq7v6zUb/I4inACp3AOAVxBHe6gAU0gIOEZXuHNM96L9+59LFoLXj5zDH/gff4AOaOQpA==</latexit>
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<latexit sha1_base64="RzPaBFUgvz7PZkRrjn906OD026M=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqs6IVDdC0Y3LCn1BOwyZNNOG5jEkGbGU/oobF4q49Ufc+Tdm2llo64HLPZxzL7k5UcKoNp737RTW1jc2t4rbpZ3dvf0D97Dc1jJVmLSwZFJ1I6QJo4K0DDWMdBNFEI8Y6UTju8zvPBKlqRRNM0lIwNFQ0JhiZKwUuuXmeV9yMkQhhjfQq3qeH7qVrGeAq8TPSQXkaITuV38gccqJMJghrXu+l5hgipShmJFZqZ9qkiA8RkPSs1QgTnQwnd8+g6dWGcBYKlvCwLn6e2OKuNYTHtlJjsxIL3uZ+J/XS018HUypSFJDBF48FKcMGgmzIOCAKoINm1iCsKL2VohHSCFsbFwlG4K//OVV0r6o+rVq7eGyUr/N4yiCY3ACzoAPrkAd3IMGaAEMnsAzeAVvzsx5cd6dj8Vowcl3jsAfOJ8/B9uSgA==</latexit>

T/!c = 0.001

<latexit sha1_base64="SwiLziReMBTwpfJX0r14ld/ucpE=">AAACBXicbVC7SgNBFJ2Nr7i+opZaDAbBIsRdkWgjBG0sI5gHZJdwdzK7GTKzu8zMCiGksfFXbCwUsfUf7PwbJ49CEw9cOHPOvcy9J0g5U9pxvq3c0vLK6lp+3d7Y3NreKezuNVSSSULrJOGJbAWgKGcxrWumOW2lkoIIOG0G/Zux33ygUrEkvteDlPoCopiFjIA2Uqdw6EUgBJx6iaARdAi+wk7ZcW3slXCpUyiaxwR4kbgzUkQz1DqFL6+bkEzQWBMOSrVdJ9X+EKRmhNOR7WWKpkD6ENG2oTEIqvzh5IoRPjZKF4eJNBVrPFF/TwxBKDUQgekUoHtq3huL/3ntTIeX/pDFaaZpTKYfhRnHOsHjSHCXSUo0HxgCRDKzKyY9kEC0Cc42IbjzJy+SxlnZrZQrd+fF6vUsjjw6QEfoBLnoAlXRLaqhOiLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPGmaVvQ==</latexit>

�/!c = 0.01 ,

<latexit sha1_base64="ozar+tEZV7Ys4UHZFiEENcYLKaU=">AAACAHicbVA7T8MwGHTKq5RXgIGBxaJCYioJgsKCVMHCWCT6kJoochyntWrHke0gVVEX/goLAwix8jPY+De4bQZoOcny6e4+2d+FKaNKO863VVpaXlldK69XNja3tnfs3b22EpnEpIUFE7IbIkUYTUhLU81IN5UE8ZCRTji8nfidRyIVFcmDHqXE56if0JhipI0U2AceM+EInXqCkz4KMLyGTs25COyquaaAi8QtSBUUaAb2lxcJnHGSaMyQUj3XSbWfI6kpZmRc8TJFUoSHqE96hiaIE+Xn0wXG8NgoEYyFNCfRcKr+nsgRV2rEQ5PkSA/UvDcR//N6mY6v/JwmaaZJgmcPxRmDWsBJGzCikmDNRoYgLKn5K8QDJBHWprOKKcGdX3mRtM9qbr1Wvz+vNm6KOsrgEByBE+CCS9AAd6AJWgCDMXgGr+DNerJerHfrYxYtWcXMPvgD6/MHUDqU7w==</latexit>

�/!c = 0.05

<latexit sha1_base64="aeklNumF+mOGyPIS4zw6CetAwLk=">AAACCHicbZDLSgMxFIYz9VbrrerShcEiuCh1Rkp1IxQVdNmCvUCnDGfStA1NZoYkI5ShSze+ihsXirj1Edz5NqaXhbb+EPj4zzmcnN+POFPatr+t1NLyyupaej2zsbm1vZPd3aurMJaE1kjIQ9n0QVHOAlrTTHPajCQF4XPa8AfX43rjgUrFwuBeDyPaFtALWJcR0MbysofuLQgBXlK9GZ26oaA98Ai+xHbBLmI3n/eyOYMT4UVwZpBDM1W87JfbCUksaKAJB6Vajh3pdgJSM8LpKOPGikZABtCjLYMBCKrayeSQET42Tgd3Q2leoPHE/T2RgFBqKHzTKUD31XxtbP5Xa8W6e9FOWBDFmgZkuqgbc6xDPE4Fd5ikRPOhASCSmb9i0gcJRJvsMiYEZ/7kRaifFZxSoVQt5spXszjS6AAdoRPkoHNURneogmqIoEf0jF7Rm/VkvVjv1se0NWXNZvbRH1mfPywGl4A=</latexit>

�QD/!c = 0.04 ,

Resonant case

<latexit sha1_base64="nKLNY3sRTcY57oWWSPYStEqIFmw=">AAACA3icbVBNS8NAEN3Ur1q/qt70slgETyURqR5Einrw2IL9gCaUzXbTLt1swu5EKKHgxb/ixYMiXv0T3vw3btsctPXBwOO9GWbm+bHgGmz728otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eDPxWw9MaR7JexjFzAtJX/KAUwJG6hYPXMECuMTugEAqx920fjt2Fe8P4KpbLNllewq8SJyMlFCGWrf45fYimoRMAhVE645jx+ClRAGngo0LbqJZTOiQ9FnHUElCpr10+sMYHxulh4NImZKAp+rviZSEWo9C33SGBAZ63puI/3mdBIILL+UyToBJOlsUJAJDhCeB4B5XjIIYGUKo4uZWTAdEEQomtoIJwZl/eZE0T8tOpVypn5Wq11kceXSIjtAJctA5qqI7VEMNRNEjekav6M16sl6sd+tj1pqzspl99AfW5w/3e5fA</latexit>

hn̂QDi

<latexit sha1_base64="aEeXUEGBdQeogqqKVJW0j7x+GDs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlEqguRohuXFewDmlIm00k7dDIJMzdCCQE3/oobF4q49Sfc+TdO2yy09cDA4Zx7uXOOHwuuwXG+rcLS8srqWnG9tLG5tb1j7+41dZQoyho0EpFq+0QzwSVrAAfB2rFiJPQFa/mjm4nfemBK80jewzhm3ZAMJA84JWCknn3gCRbAJfaGBFKZ9VIuM0/xwRCuenbZqThT4EXi5qSMctR79pfXj2gSMglUEK07rhNDNyUKOBUsK3mJZjGhIzJgHUMlCZnuptMMGT42Sh8HkTJPAp6qvzdSEmo9Dn0zGRIY6nlvIv7ndRIILromVpwAk3R2KEgEhghPCsF9rhgFMTaEUMXNXzEdEkUomNpKpgR3PvIiaZ5W3GqlendWrl3ndRTRITpCJ8hF56iGblEdNRBFj+gZvaI368l6sd6tj9lowcp39tEfWJ8/XbqYAg==</latexit>

hn̂ini
<latexit sha1_base64="u3PNttge60hvNXHerh7LXozlAj0=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KIVA8iRS8eK9gPaELZbDft0s0m7E4KJfTgxb/ixYMiXv0R3vw3btsctPpg4PHeDDPzgkRwDY7zZRVWVtfWN4qbpa3tnd09e/+gpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsY3cz89pgpzWN5D5OE+REZSB5ySsBIPbvsCRbCJfaGBDI57WWUjKee4oMhXPXsilN15sB/iZuTCsrR6NmfXj+macQkUEG07rpOAn5GFHAq2LTkpZolhI7IgHUNlSRi2s/mT0zxsVH6OIyVKQl4rv6cyEik9SQKTGdEYKiXvZn4n9dNIbzwMy6TFJiki0VhKjDEeJYI7nPFKIiJIYQqbm7FdEgUoWByK5kQ3OWX/5LWadWtVWt3Z5X6dR5HEZXRETpBLjpHdXSLGqiJKHpAT+gFvVqP1rP1Zr0vWgtWPnOIfsH6+AYjHJhv</latexit>

hn̂cavi
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<latexit sha1_base64="mdOSOD7lWnKY5BrsPDn0dAYGEOY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx6MVjBfuB7VKyabYNTbJLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336kSrNI3ptJTH2Bh5KFjGBjpQcU91P3TOCnab9ccatuBrRMvJxUIEejX/7qDSKSCCoN4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWSiyo9tPs4ik6scoAhZGyJQ3K1N8TKRZaT0RgOwU2I73ozcT/vG5iwis/ZTJODJVkvihMODIRmr2PBkxRYvjEEkwUs7ciMsIKE2NDKtkQvMWXl0nrvOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa0AQCEp7hFd4c7bw4787HvLXg5DOH8AfO5w/qcZBy</latexit>p0,max

<latexit sha1_base64="9z51JmQZILdyJIDwI/S8wzN8ytk=">AAACEHicbVBNS8NAEN34bf2KevSyWEQvlkREPagU9eCxglWhCWGz3bRLN5uwOxFKyE/w4l/x4kERrx69+W/c1hy09cHA470ZZuaFqeAaHOfLmpicmp6ZnZuvLCwuLa/Yq2s3OskUZU2aiETdhUQzwSVrAgfB7lLFSBwKdhv2zgf+7T1TmifyGvop82PSkTzilICRAnsbp0HuFPgEu3gXe4JFcIy9LoFcFkF+dVF4ine6cBrYVafmDIHHiVuSKirRCOxPr53QLGYSqCBat1wnBT8nCjgVrKh4mWYpoT3SYS1DJYmZ9vPhQwXeMkobR4kyJQEP1d8TOYm17seh6YwJdPWoNxD/81oZREd+zmWaAZP0Z1GUCQwJHqSD21wxCqJvCKGKm1sx7RJFKJgMKyYEd/TlcXKzV3MPagdX+9X6WRnHHNpAm2gHuegQ1dElaqAmougBPaEX9Go9Ws/Wm/X+0zphlTPr6A+sj28d0Zt0</latexit>

p0 = 1� hn̂QDi
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Efficiency

<latexit sha1_base64="qtWIHcIQOg20vkfAK9aROSDTIdE=">AAACBnicbVBLSwMxGMzWV62vVY8iBIvgodTdItWLUPTisYJ9QHdZstlsG0w2S5IVSunJi3/FiwdFvPobvPlvTNs9aOtAYDIzH8k3Ycqo0o7zbRWWlldW14rrpY3Nre0de3evrUQmMWlhwYTshkgRRhPS0lQz0k0lQTxkpBPeX0/8zgORiorkTg9T4nPUT2hMMdJGCuxDj5lwhE49wUkfBRheQqfq1GrQq8BKYJfNZQq4SNyclEGOZmB/eZHAGSeJxgwp1XOdVPsjJDXFjIxLXqZIivA96pOeoQniRPmj6RpjeGyUCMZCmpNoOFV/T4wQV2rIQ5PkSA/UvDcR//N6mY4v/BFN0kyTBM8eijMGtYCTTmBEJcGaDQ1BWFLzV4gHSCKsTXMlU4I7v/Iiadeqbr1avz0rN67yOorgAByBE+CCc9AAN6AJWgCDR/AMXsGb9WS9WO/WxyxasPKZffAH1ucPF5GWTg==</latexit>

�/!c = 0.022 ,

<latexit sha1_base64="SwiLziReMBTwpfJX0r14ld/ucpE=">AAACBXicbVC7SgNBFJ2Nr7i+opZaDAbBIsRdkWgjBG0sI5gHZJdwdzK7GTKzu8zMCiGksfFXbCwUsfUf7PwbJ49CEw9cOHPOvcy9J0g5U9pxvq3c0vLK6lp+3d7Y3NreKezuNVSSSULrJOGJbAWgKGcxrWumOW2lkoIIOG0G/Zux33ygUrEkvteDlPoCopiFjIA2Uqdw6EUgBJx6iaARdAi+wk7ZcW3slXCpUyiaxwR4kbgzUkQz1DqFL6+bkEzQWBMOSrVdJ9X+EKRmhNOR7WWKpkD6ENG2oTEIqvzh5IoRPjZKF4eJNBVrPFF/TwxBKDUQgekUoHtq3huL/3ntTIeX/pDFaaZpTKYfhRnHOsHjSHCXSUo0HxgCRDKzKyY9kEC0Cc42IbjzJy+SxlnZrZQrd+fF6vUsjjw6QEfoBLnoAlXRLaqhOiLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPGmaVvQ==</latexit>

�/!c = 0.01 ,
<latexit sha1_base64="fddWtteGt/3Ct2T3U3xJMx/4Yj8=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCi1JnilQ3QlFBly3YC3TKcCZN29BkZkgyQhm6deOruHGhiFvfwJ1vY3pZaOsPgY//nMPJ+YOYM6Ud59taWl5ZXVvPbGQ3t7Z3du29/bqKEklojUQ8ks0AFOUspDXNNKfNWFIQAaeNYHA9rjceqFQsCu/1MKZtAb2QdRkBbSzfxt4tCAF+Wr0ZnXqRoD3wCb7ETsEpYi+P876dMzwRXgR3Bjk0U8W3v7xORBJBQ004KNVynVi3U5CaEU5HWS9RNAYygB5tGQxBUNVOJ5eM8LFxOrgbSfNCjSfu74kUhFJDEZhOAbqv5mtj879aK9Hdi3bKwjjRNCTTRd2EYx3hcSy4wyQlmg8NAJHM/BWTPkgg2oSXNSG48ycvQr1YcEuFUvUsV76axZFBh+gInSAXnaMyukMVVEMEPaJn9IrerCfrxXq3PqatS9Zs5gD9kfX5A4g7l6g=</latexit>

�QD/!c = 0.02 ,

<latexit sha1_base64="UpffQyPOPmEEdh5ituKOM4jOstw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgopREpLoRigq6bME+oAlhMpm0Q2eSMDMRSugXuPFX3LhQxK1rd/6N0zYLbT1w4XDOvdx7j58wKpVlfRuFldW19Y3iZmlre2d3z9w/6Mg4FZi0ccxi0fORJIxGpK2oYqSXCIK4z0jXH11P/e4DEZLG0b0aJ8TlaBDRkGKktOSZFWeAOEdeFhA1gZfQqlk2dG7nWutmAp0qrELPLGtjBrhM7JyUQY6mZ345QYxTTiKFGZKyb1uJcjMkFMWMTEpOKkmC8AgNSF/TCHEi3Wz2zgRWtBLAMBa6IgVn6u+JDHEpx9zXnRypoVz0puJ/Xj9V4YWb0ShJFYnwfFGYMqhiOM0GBlQQrNhYE4QF1bdCPEQCYaUTLOkQ7MWXl0nntGbXa/XWWblxlcdRBEfgGJwAG5yDBrgDTdAGGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gBKJZm2</latexit>

�det = 0.01�QD ,
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(dotted lines)

<latexit sha1_base64="k7iSWRKyo8iX3ItoBvcG+JdjWp4="></latexit>

⌘1 = �det

Z +1

0
dt �p0(t) ,
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<latexit sha1_base64="mfrh4sidymS+GQVVFUUxVJdxtdw=">AAACF3icbZBNSwMxEIazftb6VfXoJVgEhVJ2RaoXoagHjwpWhW5Zsum0BpPsksxKy9J/4cW/4sWDIl715r8xrT349ULg5ZkZJvPGqRQWff/Dm5icmp6ZLcwV5xcWl5ZLK6sXNskMhwZPZGKuYmZBCg0NFCjhKjXAVCzhMr45GtYvb8FYkehz7KfQUqyrRUdwhg5FpWoIyOgBDRXrRTkOaHgM0hEdhQg9NCpvg6NbuE3DCq1EpbJf9Ueif00wNmUy1mlUeg/bCc8UaOSSWdsM/BRbOTMouIRBMcwspIzfsC40ndVMgW3lo7sGdNORNu0kxj2NdES/T+RMWdtXsetUDK/t79oQ/ldrZtjZb+VCpxmC5l+LOpmkmNBhSLQtDHCUfWcYN8L9lfJrZhhHF2XRhRD8PvmvudipBrVq7Wy3XD8cx1Eg62SDbJGA7JE6OSGnpEE4uSMP5Ik8e/feo/fivX61TnjjmTXyQ97bJ7qAnmM=</latexit>

⌘ = max
t

�ndet(t) ,
<latexit sha1_base64="LuCvTuxfx6Yqnnf2BRK+BqBbph0="></latexit>

�ndet = hn̂det(t)i �
D
n̂(�=0)
det (t)

E
,

<latexit sha1_base64="CoxMKwfdtWdHHY+na0VaZBPlFNE=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoMgHsKuSPQY9OIxgnlAsobZSW8yZnZ2mekVwpJ/8OJBEa/+jzf/xsnjoIkFDUVVN91dQSKFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNU9jhLwI9ZXIhScoZUaHUD2cNYtltyyOwVdJt6clMgctW7xq9OLeRqBQi6ZMW3PTdDPmEbBJYwLndRAwviQ9aFtqWIRGD+bXjumJ1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xfDKz4RKUgTFZ4vCVFKM6eR12hMaOMqRJYxrYW+lfMA042gDKtgQvMWXl0njvOxVypW7i1L1eh5HnhyRY3JKPHJJquSW1EidcPJInskreXNi58V5dz5mrTlnPnNI/sD5/AEoA47f</latexit>

⌘⇤
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A different scheme (?) 
Metastability and quantum coherence assisted sensing in interacting 
parallel quantum dots 
S. Matern, K. Macieszczak, S.Wozny, M. Leijnse ,
PRB 107, 125424 (2023)

Work in progress
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Summary
Entangled photon-pair emission in waveguide circuit QED  
from a Cooper pair splitter 
M. Governale, C. Schönenberger, P. Scarlino, G.R. 
PRX Quantum 6, 020339 (2025)

Michele Governale
Victoria University of Wellington (NZ) Pasquale Scarlino 

EPFL, Lausanne (CH)
Christian Schönenberger
University of Basel (CH)

QND detection of single microwave photons with 
quantum dots 
S. Matern, A. Biella, P. Scarlino, I. Carusotto, G.R.  
(to be submitted)

Stephanie Matern Alberto Biella Iacopo Carusotto
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