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Dynamical Decoupling in a circuit

We’ve previously established: on the current device, the benefit of DD cannot come 
at the cost of additional circuit duration - we need to find idle times in the circuit. 

In circuits like QAOA, during the application of 2-qubit gates, it is common to find idle 
times on their neighbouring qubits. 

Thus, we have performed a study to see if DD can protect the idle qubits during the 
neighbouring 2-qubit gates, hence improve the fidelity of the overall circuit.
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FIG. 16: Circuit diagrams of the application of DD to
the two idle qubits in a four-qubit system, while a
2-qubit gate is being applied to the other two.

Add analysis/estimate/discussion on how 2-q gate is
the ultimate limiting factor for circuit fidelity/alg. per-
formance on hardware

Since the two idle qubits start in the |00i state and
no gates are applied to them, under ideal conditions we
would expect to always measure |00i on these two qubits
after the other two undergo the CPHASE gate. However,
due to crosstalk e↵ects, this is not what happens in prac-
tice, as shown in the top panel of Fig. 17; instead, the
measurements are spread over the four possible states,
with |10i being more likely than |00i. By introducing
the SDD sequence, we observe great improvement. As
the bottom panel of Fig. 17 shows, with DD the expected
outcome is measured about 90% of the time, with only a
small proportion going to any of the other states.

Once shown that this method is e↵ective for the “build-
ing blocks” of the circuit, we expand it to the full algo-
rithmic circuit, representing a p = 1 QAOA cost layer
with the same four qubits, as shown in Fig. 18. There
are four CPHASE gates (one on each possible pair of
qubits) throughout the circuit. During these, the two
qubits not involved in the gate are idle, and DD is ap-
plied to them. To quantify the improvement of the circuit
results with the addition of DD, we use the fraction of the
simulated approximation ratio. That is, a simulation of
the noiseless circuit (without DD) is performed, and the
approximation ratio computed. The approximation ratio
is also obtained for the experimental runs with and with-
out DD, and divided by that of the simulation, to gauge
how well the QPU performs compared to a simulator. A
QPU with zero noise would have a value of 1.0, but our
results are far from it due to the many sources of noise
such as decoherence, control errors and readout fidelity.
Results are shown in Fig. 19, and include DD as well as
randomized compiling. Both methods on their own im-
prove the performance of the circuit but, remarkably, it
is their combination that provides the largest boost, big-
ger than the sum of its parts. In light of these results,
we further explore how DD and RC work in conjunction

FIG. 17: Probability of measuring each 2-qubit state for
the two idle qubits while their neighbors were involved

in a CPHASE gate. Ideally, |00i would always be
measured. Top shows results without DD, and bottom

the improvement once DD is applied.

FIG. 18: Circuit corresponding to a p = 1 QAOA cost
layer with four qubits. DD is applied to the two idle
qubits each time a pair of qubits is involved in a

CPHASE gate.

in the next section.

E. Randomized compiling

IV. CONCLUSION AND DISCUSSION

In this paper, we show that a syncopated dynamical-
decoupling scheme built on prevailing and easy-to-
implement periodic DD pulse sequences has the e↵ect
of suppressing both the single-qubit decoherence and the
ZZ crosstalk. We perform the proof-of-concept results
on a two-qubit system and further show that the scheme
helps improve the fidelity of a 4-qubit QAOA MAXCUT
circuit.
In music, syncopation is a “placement of rhythmic
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• Dynamical decoupling (DD) is a noise-mitigating strategy that has been extensively studied and demonstrated for 
suppressing single-qubit decoherence.  


• We present an important adaptation of DD where crosstalk between qubits are probed and suppressed.  


• ZZ is the dominating crosstalk form between qubits on superconducting transmon-based quantum devices.  


• We designed a family of syncopated DD sequences that effectively suppress ZZ coupling between qubit pairs, 
which is the dominating crosstalk form on the device.  


• Syncopated DD sequences yield significant improvement on the performance of algorithms on the hardware.  


• Experiments were performed on Rigetti Aspen-M-3 chip. 

1. Crosstalk and decoherence: hurdles toward high-fidelity quantum gates and circuits

2. Effect of different DD design on decoherence and crosstalk

3. Dynamical decoupling for measuring crosstalk
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FIG. 2: (a) Illustration of the (XXXX) DD sequence acting on a single qubit that is also a↵ected by ZZ coupling
from a nearby second qubit. Decoherence on the first qubit, as well as ZZ coupling, are canceled out by the DD
sequence, while decoherence on the second qubit remains. (b) When the same sequence is applied to both qubits

synchronously, individual decoherence is removed, but the ZZ coupling between them is una↵ected.(c) The
(XXXX,XX) SDD sequence averages out ZZ coupling as well as single-qubit decoherence on both qubits. (d)

The (X �X�,�X �X) has the same e↵ect as the SDD one, with fewer pulses overall.

FIG. 3: Diagram of the qubit layout and connectivity
for the Rigetti Aspen-M-3 chip used in our

demonstrations.

the same time. This is the case of the (X⇤X⇤, ⇤X⇤X) se-
quence depicted on Fig. 2d. The decoupling e↵ect is the
same as the “even multiplier frequency” SDD sequence,
but fewer pulses are applied overall. This is beneficial
when pulse error accumulation is a concern, or the time
slot where DD is needed can only fit a limited number of
⇡ pulses.

The two varieties of syncopated DD we illustrate here
complement each other in practical applications where
they can be adopted with versatility based on di↵erent
needs in a circuit that often involves considerations of
single-qubit decoherence rate, crosstalk magnitude, and
duration of the idle time before the qubit needs to un-
dergo the next quantum gate.

III. RESULTS

A. Experimental setup and metrics

All the experimental results presented here are run on
a Rigetti Aspen-M-3 chip. A diagram of the chip con-
nectivity is shown in Fig. 3. Qubits are arranged in oc-
tagons, connected among them on the sides and top or

FIG. 4: Diagram of the circuit structure for single-qubit
experiments.

bottom. We choose qubits that form a square pattern,
that is, those that provide the connections between oc-
tagons. We expect these qubits to su↵er from significant
ZZ coupling not only with their direct neighbours, but
with the qubit diagonally opposite them.

In the Rigetti Aspen architecture, qubits are connected
by a fixed capacitive coupler, which leads to an e↵ective
ZZ term between a pair of physically coupled qubits.[]
This coupling form applies to two scenarios termed idle
crosstalk and operational crosstalk in Ref. ? , respec-
tively: on qubit pair (1, 2), there is an e↵ective cou-
pling Z1Z2 1) when both qubits are idle; 2) when qubit
pair (1, 3) is undergoing a two qubit gate. Bram, please
confirm the following In both scenarios, the fluctuation
of this coupling strength is in a timescale way beyond
the execution of a computation, hence can be treated as
static. The magnitude for operational crosstalk is greater
than the idle case.

Placeholder:

• How it is static, and for tunable coupler it will be
dynamic.

• Current way of characterizing ZZ, which we use as
benchmark.

DD on Q1 only: crosstalk suppressed DD on both qubits: crosstalk remains! Syncopated DD: crosstalk suppressed

Broader-range protection

Syncopated DD: a short-sequence 
variant

Identical DD on all qubits

ZZ

ZZ

ZZ

Identical DD on neighboring 
qubits

Syncopated DD on all qubits

No DD, qubits exposed to 
decoherence and crosstalk 

qubit

single-qubit 
noise

crosstalk
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FIG. 6: Qubit 112 is prepared in the X+ state. While
it’s neighbour, Qubit 111, is prepared in the Z+ state.

We observe a detuning of -27.3kHz

FIG. 7: Qubit 112 is prepared in the X+ state. While
it’s neighbour, Qubit 111, is prepared in the Z- state.

We observe a detuning of +27.3kHz

Having confirmed the e↵ect of the neighbouring state
on the qubit frequency, we investigate the more typical
case where the neighbouring is not in the 0 or 1 state
and the e↵ect of the ZZ coupling cannot be described by
a simple detuning. Rather, the qubit experiences both
the positive and negative detuning, which manifests as
a beating frequency in the Ramsey measurement seen in
Fig 8. Add some comments here on the pros/cons of
using 0 or 1 state, vs +, if any. Or, do they complement
each other in probing di↵erent factors influencing the ZZ
coupling?. Bram, I remember you talking about how the

FIG. 8: Qubit 112 is prepared in the X+ state and it’s
neighbour, Qubit 111, is prepared in the X+ state. The

static detuning is small, but we observe a beating
frequency of about 25kHz, corresponding to the

superposition of the two detunings.

qubit frequency is calibrated, should we detail it here if
it is still relevant?
The observed beating frequency can be related to the

g of the qubit-qubit coupling, using equation 1, where
⌘ is the qubit anharmonicity and the qubits are labeled
T and F for ”tunable” and ”fixed”. The distinction is
unimportant here, but Qubit 112 is the tunable.

� =
2g2(⌘T + ⌘F )

(fT
01 � f

F
12)(f

T
12 � f

F
01)

(1)

Using this measurement, we extract a value of 7MHz

for g which is consistent with the design and matching the
ZZ coupling strength extracted using a di↵erent method
as described in Appendix ??. We thus note that synchro-
nized decoupling sequences can serve as a viable method
for probing the crosstalk magnitude on hardware, com-
plementing to the Chi method. We suggest that with
careful design of sequences, synchronized decoupling can
o↵er a diagnostic tool for measuring known and unin-
tended coupling strengths. It would be great if we can
have a few more lines on how the two methods compare,
what value it adds.

2. Eliminating the e↵ect of ZZ coupling

While we have shown that dynamical decoupling can
be used to isolate and measure the e↵ect of ZZ coupling,
during normal operation of the QPU it is desirable to
eliminate the e↵ect of unintended couplings. To this end,
we introduce the syncopated decoupling scheme.

• Identical DD on both qubits singles out the effect of crosstalk by 
suppressing single qubit decoherence


• From the beating frequency, we extracted an effective coupling g ~ 7 
MHz


• Independent method based on low-level qubit physics: g ~ 9 MHz


DD provides a complementary techniques to measure the magnitude of 
crosstalk.


Extended fidelity decay also facilitates detailed noise characterization.
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FIG. 12: Qubit 112 is prepared in the X+ state and
undergoes a XX decoupling sequence. It’s neighbour,

Qubit 111, is prepared in the X+ state and undergoes a
XXXX decoupling sequence.

FIG. 13: Qubit 112 is prepared in the X+ state and
undergoes a XX decoupling sequence. It’s neighbour,
Qubit 111, is prepared in the Z- state and undergoes a

XXXX decoupling sequence.

fit into

Fid = e
��wt

e
��2

1/f t
2

cos (�!t) cos (J 0
t) , (2)

where the exponential decays account for the single-qubit
dephasing due to white noise and 1/f noise, and the rest is
expected from the quantum evolution of the initial state
under Hamiltonian

H = J
0
Z1Z2 + �!Z1 (3)

FIG. 14: Qubit 112 is prepared in the X+ state and
undergoes a XX decoupling sequence. It’s neighbour,

Qubit 111, is prepared in the Z+ state and undergoes a
XXXX decoupling sequence.

where �!, T2, and J
0 are fitting parameters.

Note that the T2 decay mechanism will factor into the
beating frequency (see Appendix ?? an expression for
the fidelity under depolarizing model), here to focus on
the e↵ect of ZZ crosstalk, we assume and show that such
modification is minor and we only keep J

0, the leading
influence of the beating.
I’m going to move the concept of syncopation to the

theory part. To further address the unwanted ZZ cou-
pling, we introduce syncopation. Syncopation refers to
the practice of using a variety of rhythms together, par-
ticularly introducing an o↵-beat element. The metaphor
is apt, because what we do is introduce an additional
decoupling pulse on the ’o↵-beat’ from the neighbour.
We then performed syncopated DD on the qubit pair.

As demonstrated in Fig. 15, we apply the XX sequence on
the first qubit and the XXXX sequence on the neighbour
qubit, with a timing illustrated in Fig. ??(b). Each qubit
is decoupled from the ZZ coupling to all its neighbors,
including the other qubit in the pair, hence both qubits
are protected from the crosstalk.
I’ll move it to a discussion/generalization part Like

most superconducting devices, Aspen has low connec-
tivity, suggesting there is no need to take the method
any further. However, it is possible to use syncopation
on more than two qubits at once, for example triplets or
quadruplets which su↵er from some fixed parasitic cou-
pling. This is further explored in appendix ... Are you
referring to many-body couplings?
While in case of perfect, instantaneous decoupling

pulses, DD sequence of more pulses often means higher
decoupling power, i.e., better suppression of noise. How-
ever, with realistic pulses subject to noise and control

Decoherence Detuning Crosstalk

How DD cancels phase accumulation due to static Z or ZZ noise

Decoherence

Crosstalk

Crosstalk

Central qubit: decoherence

Surrounding qubits: crosstalk

All qubits protected
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Qubit 111, is prepared in the X+ state and undergoes a
XXXX decoupling sequence.

FIG. 13: Qubit 112 is prepared in the X+ state and
undergoes a XX decoupling sequence. It’s neighbour,
Qubit 111, is prepared in the Z- state and undergoes a

XXXX decoupling sequence.
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where �!, T2, and J
0 are fitting parameters.

Note that the T2 decay mechanism will factor into the
beating frequency (see Appendix ?? an expression for
the fidelity under depolarizing model), here to focus on
the e↵ect of ZZ crosstalk, we assume and show that such
modification is minor and we only keep J

0, the leading
influence of the beating.
I’m going to move the concept of syncopation to the

theory part. To further address the unwanted ZZ cou-
pling, we introduce syncopation. Syncopation refers to
the practice of using a variety of rhythms together, par-
ticularly introducing an o↵-beat element. The metaphor
is apt, because what we do is introduce an additional
decoupling pulse on the ’o↵-beat’ from the neighbour.
We then performed syncopated DD on the qubit pair.

As demonstrated in Fig. 15, we apply the XX sequence on
the first qubit and the XXXX sequence on the neighbour
qubit, with a timing illustrated in Fig. ??(b). Each qubit
is decoupled from the ZZ coupling to all its neighbors,
including the other qubit in the pair, hence both qubits
are protected from the crosstalk.
I’ll move it to a discussion/generalization part Like

most superconducting devices, Aspen has low connec-
tivity, suggesting there is no need to take the method
any further. However, it is possible to use syncopation
on more than two qubits at once, for example triplets or
quadruplets which su↵er from some fixed parasitic cou-
pling. This is further explored in appendix ... Are you
referring to many-body couplings?
While in case of perfect, instantaneous decoupling

pulses, DD sequence of more pulses often means higher
decoupling power, i.e., better suppression of noise. How-
ever, with realistic pulses subject to noise and control

• Beating disappeared after applying syncopated DD.  
The envelope shows boosted fidelity.


• Short-sequence version provides more versatility: 
more pulses might not always be desired due to finite 
pulse duration and pulse error accumulation.
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Dynamical Decoupling in a circuit

We’ve previously established: on the current device, the benefit of DD cannot come 
at the cost of additional circuit duration - we need to find idle times in the circuit. 

In circuits like QAOA, during the application of 2-qubit gates, it is common to find idle 
times on their neighbouring qubits. 

Thus, we have performed a study to see if DD can protect the idle qubits during the 
neighbouring 2-qubit gates, hence improve the fidelity of the overall circuit.
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This DD should suppress:  

-Single qubits noise on 31, 32; 
-ZZ on 31-46, 32-45, 31-35, 

31-45, 32-46; I.e., ZZ 
between all qubit pairs 
other than 45-46

FIG. 16: Circuit diagrams of the application of DD to
the two idle qubits in a four-qubit system, while a
2-qubit gate is being applied to the other two.

Add analysis/estimate/discussion on how 2-q gate is
the ultimate limiting factor for circuit fidelity/alg. per-
formance on hardware
Since the two idle qubits start in the |00i state and

no gates are applied to them, under ideal conditions we
would expect to always measure |00i on these two qubits
after the other two undergo the CPHASE gate. However,
due to crosstalk e↵ects, this is not what happens in prac-
tice, as shown in the top panel of Fig. 17; instead, the
measurements are spread over the four possible states,
with |10i being more likely than |00i. By introducing
the SDD sequence, we observe great improvement. As
the bottom panel of Fig. 17 shows, with DD the expected
outcome is measured about 90% of the time, with only a
small proportion going to any of the other states.
Once shown that this method is e↵ective for the “build-

ing blocks” of the circuit, we expand it to the full algo-
rithmic circuit, representing a p = 1 QAOA cost layer
with the same four qubits, as shown in Fig. 18. There
are four CPHASE gates (one on each possible pair of
qubits) throughout the circuit. During these, the two
qubits not involved in the gate are idle, and DD is ap-
plied to them. To quantify the improvement of the circuit
results with the addition of DD, we use the fraction of the
simulated approximation ratio. That is, a simulation of
the noiseless circuit (without DD) is performed, and the
approximation ratio computed. The approximation ratio
is also obtained for the experimental runs with and with-
out DD, and divided by that of the simulation, to gauge
how well the QPU performs compared to a simulator. A
QPU with zero noise would have a value of 1.0, but our
results are far from it due to the many sources of noise
such as decoherence, control errors and readout fidelity.
Results are shown in Fig. 19, and include DD as well as
randomized compiling. Both methods on their own im-
prove the performance of the circuit but, remarkably, it
is their combination that provides the largest boost, big-
ger than the sum of its parts. In light of these results,
we further explore how DD and RC work in conjunction

FIG. 17: Probability of measuring each 2-qubit state for
the two idle qubits while their neighbors were involved

in a CPHASE gate. Ideally, |00i would always be
measured. Top shows results without DD, and bottom

the improvement once DD is applied.

FIG. 18: Circuit corresponding to a p = 1 QAOA cost
layer with four qubits. DD is applied to the two idle
qubits each time a pair of qubits is involved in a

CPHASE gate.

in the next section.

E. Randomized compiling

IV. CONCLUSION AND DISCUSSION

In this paper, we show that a syncopated dynamical-
decoupling scheme built on prevailing and easy-to-
implement periodic DD pulse sequences has the e↵ect
of suppressing both the single-qubit decoherence and the
ZZ crosstalk. We perform the proof-of-concept results
on a two-qubit system and further show that the scheme
helps improve the fidelity of a 4-qubit QAOA MAXCUT
circuit.
In music, syncopation is a “placement of rhythmic
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Dynamical Decoupling in a circuit

We’ve previously established: on the current device, the benefit of DD cannot come 
at the cost of additional circuit duration - we need to find idle times in the circuit. 

In circuits like QAOA, during the application of 2-qubit gates, it is common to find idle 
times on their neighbouring qubits. 

Thus, we have performed a study to see if DD can protect the idle qubits during the 
neighbouring 2-qubit gates, hence improve the fidelity of the overall circuit.
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FIG. 16: Circuit diagrams of the application of DD to
the two idle qubits in a four-qubit system, while a
2-qubit gate is being applied to the other two.

Add analysis/estimate/discussion on how 2-q gate is
the ultimate limiting factor for circuit fidelity/alg. per-
formance on hardware

Since the two idle qubits start in the |00i state and
no gates are applied to them, under ideal conditions we
would expect to always measure |00i on these two qubits
after the other two undergo the CPHASE gate. However,
due to crosstalk e↵ects, this is not what happens in prac-
tice, as shown in the top panel of Fig. 17; instead, the
measurements are spread over the four possible states,
with |10i being more likely than |00i. By introducing
the SDD sequence, we observe great improvement. As
the bottom panel of Fig. 17 shows, with DD the expected
outcome is measured about 90% of the time, with only a
small proportion going to any of the other states.

Once shown that this method is e↵ective for the “build-
ing blocks” of the circuit, we expand it to the full algo-
rithmic circuit, representing a p = 1 QAOA cost layer
with the same four qubits, as shown in Fig. 18. There
are four CPHASE gates (one on each possible pair of
qubits) throughout the circuit. During these, the two
qubits not involved in the gate are idle, and DD is ap-
plied to them. To quantify the improvement of the circuit
results with the addition of DD, we use the fraction of the
simulated approximation ratio. That is, a simulation of
the noiseless circuit (without DD) is performed, and the
approximation ratio computed. The approximation ratio
is also obtained for the experimental runs with and with-
out DD, and divided by that of the simulation, to gauge
how well the QPU performs compared to a simulator. A
QPU with zero noise would have a value of 1.0, but our
results are far from it due to the many sources of noise
such as decoherence, control errors and readout fidelity.
Results are shown in Fig. 19, and include DD as well as
randomized compiling. Both methods on their own im-
prove the performance of the circuit but, remarkably, it
is their combination that provides the largest boost, big-
ger than the sum of its parts. In light of these results,
we further explore how DD and RC work in conjunction

FIG. 17: Probability of measuring each 2-qubit state for
the two idle qubits while their neighbors were involved

in a CPHASE gate. Ideally, |00i would always be
measured. Top shows results without DD, and bottom

the improvement once DD is applied.

FIG. 18: Circuit corresponding to a p = 1 QAOA cost
layer with four qubits. DD is applied to the two idle
qubits each time a pair of qubits is involved in a

CPHASE gate.

in the next section.

E. Randomized compiling

IV. CONCLUSION AND DISCUSSION

In this paper, we show that a syncopated dynamical-
decoupling scheme built on prevailing and easy-to-
implement periodic DD pulse sequences has the e↵ect
of suppressing both the single-qubit decoherence and the
ZZ crosstalk. We perform the proof-of-concept results
on a two-qubit system and further show that the scheme
helps improve the fidelity of a 4-qubit QAOA MAXCUT
circuit.
In music, syncopation is a “placement of rhythmic

4. Syncopated DD applied to quantum circuits
Probability of measured two-qubit state

Without DD
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at the cost of additional circuit duration - we need to find idle times in the circuit. 
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no gates are applied to them, under ideal conditions we
would expect to always measure |00i on these two qubits
after the other two undergo the CPHASE gate. However,
due to crosstalk e↵ects, this is not what happens in prac-
tice, as shown in the top panel of Fig. 17; instead, the
measurements are spread over the four possible states,
with |10i being more likely than |00i. By introducing
the SDD sequence, we observe great improvement. As
the bottom panel of Fig. 17 shows, with DD the expected
outcome is measured about 90% of the time, with only a
small proportion going to any of the other states.
Once shown that this method is e↵ective for the “build-

ing blocks” of the circuit, we expand it to the full algo-
rithmic circuit, representing a p = 1 QAOA cost layer
with the same four qubits, as shown in Fig. 18. There
are four CPHASE gates (one on each possible pair of
qubits) throughout the circuit. During these, the two
qubits not involved in the gate are idle, and DD is ap-
plied to them. To quantify the improvement of the circuit
results with the addition of DD, we use the fraction of the
simulated approximation ratio. That is, a simulation of
the noiseless circuit (without DD) is performed, and the
approximation ratio computed. The approximation ratio
is also obtained for the experimental runs with and with-
out DD, and divided by that of the simulation, to gauge
how well the QPU performs compared to a simulator. A
QPU with zero noise would have a value of 1.0, but our
results are far from it due to the many sources of noise
such as decoherence, control errors and readout fidelity.
Results are shown in Fig. 19, and include DD as well as
randomized compiling. Both methods on their own im-
prove the performance of the circuit but, remarkably, it
is their combination that provides the largest boost, big-
ger than the sum of its parts. In light of these results,
we further explore how DD and RC work in conjunction

FIG. 17: Probability of measuring each 2-qubit state for
the two idle qubits while their neighbors were involved

in a CPHASE gate. Ideally, |00i would always be
measured. Top shows results without DD, and bottom

the improvement once DD is applied.
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layer with four qubits. DD is applied to the two idle
qubits each time a pair of qubits is involved in a

CPHASE gate.

in the next section.

E. Randomized compiling

IV. CONCLUSION AND DISCUSSION

In this paper, we show that a syncopated dynamical-
decoupling scheme built on prevailing and easy-to-
implement periodic DD pulse sequences has the e↵ect
of suppressing both the single-qubit decoherence and the
ZZ crosstalk. We perform the proof-of-concept results
on a two-qubit system and further show that the scheme
helps improve the fidelity of a 4-qubit QAOA MAXCUT
circuit.
In music, syncopation is a “placement of rhythmic

With DD
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Dynamical Decoupling in a circuit

We’ve previously established: on the current device, the benefit of DD cannot come 
at the cost of additional circuit duration - we need to find idle times in the circuit. 

In circuits like QAOA, during the application of 2-qubit gates, it is common to find idle 
times on their neighbouring qubits. 

Thus, we have performed a study to see if DD can protect the idle qubits during the 
neighbouring 2-qubit gates, hence improve the fidelity of the overall circuit.
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FIG. 16: Circuit diagrams of the application of DD to
the two idle qubits in a four-qubit system, while a
2-qubit gate is being applied to the other two.

Add analysis/estimate/discussion on how 2-q gate is
the ultimate limiting factor for circuit fidelity/alg. per-
formance on hardware

Since the two idle qubits start in the |00i state and
no gates are applied to them, under ideal conditions we
would expect to always measure |00i on these two qubits
after the other two undergo the CPHASE gate. However,
due to crosstalk e↵ects, this is not what happens in prac-
tice, as shown in the top panel of Fig. 17; instead, the
measurements are spread over the four possible states,
with |10i being more likely than |00i. By introducing
the SDD sequence, we observe great improvement. As
the bottom panel of Fig. 17 shows, with DD the expected
outcome is measured about 90% of the time, with only a
small proportion going to any of the other states.

Once shown that this method is e↵ective for the “build-
ing blocks” of the circuit, we expand it to the full algo-
rithmic circuit, representing a p = 1 QAOA cost layer
with the same four qubits, as shown in Fig. 18. There
are four CPHASE gates (one on each possible pair of
qubits) throughout the circuit. During these, the two
qubits not involved in the gate are idle, and DD is ap-
plied to them. To quantify the improvement of the circuit
results with the addition of DD, we use the fraction of the
simulated approximation ratio. That is, a simulation of
the noiseless circuit (without DD) is performed, and the
approximation ratio computed. The approximation ratio
is also obtained for the experimental runs with and with-
out DD, and divided by that of the simulation, to gauge
how well the QPU performs compared to a simulator. A
QPU with zero noise would have a value of 1.0, but our
results are far from it due to the many sources of noise
such as decoherence, control errors and readout fidelity.
Results are shown in Fig. 19, and include DD as well as
randomized compiling. Both methods on their own im-
prove the performance of the circuit but, remarkably, it
is their combination that provides the largest boost, big-
ger than the sum of its parts. In light of these results,
we further explore how DD and RC work in conjunction

FIG. 17: Probability of measuring each 2-qubit state for
the two idle qubits while their neighbors were involved

in a CPHASE gate. Ideally, |00i would always be
measured. Top shows results without DD, and bottom

the improvement once DD is applied.

FIG. 18: Circuit corresponding to a p = 1 QAOA cost
layer with four qubits. DD is applied to the two idle
qubits each time a pair of qubits is involved in a

CPHASE gate.

in the next section.

E. Randomized compiling

IV. CONCLUSION AND DISCUSSION

In this paper, we show that a syncopated dynamical-
decoupling scheme built on prevailing and easy-to-
implement periodic DD pulse sequences has the e↵ect
of suppressing both the single-qubit decoherence and the
ZZ crosstalk. We perform the proof-of-concept results
on a two-qubit system and further show that the scheme
helps improve the fidelity of a 4-qubit QAOA MAXCUT
circuit.
In music, syncopation is a “placement of rhythmic

In a compiled circuit, Often when a pair of 
qubits undergo a two-qubit gate, to avoid 
degrading of gate fidelity the neighboring qubits 
are idle.  This provides a natural time slot to 
apply DD without adding to the circuit length.
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implement periodic DD pulse sequences has the e↵ect
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ZZ crosstalk. We perform the proof-of-concept results
on a two-qubit system and further show that the scheme
helps improve the fidelity of a 4-qubit QAOA MAXCUT
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