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Microwave-induced couplings to nearby Rydberg levels are usually regarded as a source of gate imperfec-
tions in neutral-atom quantum processors. Here we show that the same mechanism can instead be exploited
as a metrological resource for microwave electrometry. We consider a laser-driven Rydberg controlled-Z gate
subjected to an additional microwave coupling during the gate operation. The microwave field modifies the gate
dynamics through coherent population leakage into an auxiliary Rydberg state, imprinting its amplitude and
detuning onto the final two-qubit state. We characterize this response through the output-state fidelity, quantum
Fisher information, and classical Fisher information. The results reveal parameter regimes in which enhanced
sensitivity of the gate dynamics to microwave perturbations gives rise to increased estimation precision. Repre-
sentative Rb and Cs implementations are used to illustrate the generality of the approach and to provide concrete
sensitivity estimates. More broadly, our results demonstrate that calibrated quantum-gate dynamics can serve as
a metrological resource, suggesting a gate-based sensing paradigm at the interface between quantum information
processing and quantum sensing.
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I. INTRODUCTION

Neutral-atom arrays have emerged as a leading platform
for quantum information processing owing to their scalability,
long coherence times, and programmable interactions enabled
by highly excited Rydberg states [1–12]. A key capability of
these systems is the realization of high-fidelity two-qubit en-
tangling gates through the Rydberg blockade mechanism [13–
22]. Considerable effort has therefore been devoted to sup-
pressing decoherence, leakage, and unwanted couplings in or-
der to improve gate fidelity and ultimately enhance the perfor-
mance of large-scale neutral-atom quantum processors [23–
27].

The same properties that make Rydberg atoms attrac-
tive for quantum information processing also make them
highly sensitive probes of electromagnetic fields. Their large
electric dipole moments enable strong interactions with mi-
crowave radiation and have motivated extensive studies of
Rydberg electrometry based on spectroscopic shifts, Autler–
Townes splitting, and electromagnetically induced trans-
parency (EIT) [28–43]. In these approaches, the Rydberg
atom primarily serves as a field-sensitive spectroscopic probe,
and the sensing signal is extracted from changes in the atomic
spectrum or optical response.

Quantum-information-processing platforms have recently
attracted interest as metrological resources in addition to
their computational applications [34, 44, 45]. In this con-
text, microwave-induced couplings to nearby Rydberg levels
are generally regarded as a source of gate imperfections in
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neutral-atom quantum processors, since they modify the in-
tended gate dynamics, induce population leakage, and reduce
the final gate fidelity [23, 25, 26, 46]. From a sensing per-
spective, however, the same susceptibility implies that the gate
output carries information about the external microwave field.
This observation raises a natural question: can the response
of a Rydberg entangling gate to microwave perturbations be
exploited as a metrological resource? If so, a calibrated quan-
tum gate could simultaneously function as a sensing element,
establishing a direct connection between gate errors and pa-
rameter estimation [47, 48]. Exploring this possibility of-
fers a new route toward integrating quantum information pro-
cessing and quantum sensing within a common physical plat-
form [11].

In the present work, we consider a laser-driven Rydberg
controlled-Z (CZ) gate subjected to an additional microwave
field during the gate operation [23, 46]. The microwave field
couples the gate Rydberg state to a nearby auxiliary Rydberg
level, thereby perturbing the ideal gate dynamics. As a result,
population can be transferred out of the intended excitation
manifold, leading to a microwave-dependent modification of
the final two-qubit state. Information about the microwave
field is therefore encoded in the gate output and can be ex-
tracted through appropriate measurements.

To characterize this response, we analyze the gate fidelity
together with the corresponding quantum Fisher information
(QFI) and classical Fisher information (CFI). Using repre-
sentative Rb and Cs implementations as illustrative exam-
ples [7, 8], we identify parameter regimes in which en-
hanced microwave sensitivity emerges from the same dynam-
ical mechanisms responsible for gate imperfections. Our re-
sults demonstrate that calibrated entangling-gate dynamics
can serve as a metrological resource for microwave electrom-
etry, suggesting a gate-based sensing paradigm at the interface
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Figure 1. (a) Schematic illustration of the proposed gate-based
microwave-sensing protocol. Two neutral atoms separated by a dis-
tance R are driven by laser fields that couple the computational state
|1⟩ to the Rydberg state |r1⟩. The CZ gate is implemented using a
phase-modulated pulse sequence, in which the laser phase changes
from 0 to ξ at t = τ/2. An external microwave field couples |r1⟩
to a nearby Rydberg state |r2⟩ with Rabi frequency Ωr and detuning
∆r , providing a microwave-dependent modification of the gate dy-
namics. (b) Population and (c) phase evolution during the ideal CZ
gate operation. Here Pij = |⟨ij|ψ(t)⟩|2 denotes the population of
the computational basis state |ij⟩. The phases ϕij denote the accu-
mulated phases of the computational basis states |ij⟩ relative to their
initial values. Meanwhile, the states |01⟩, |10⟩, and |11⟩ acquire a
relative phase of π with respect to |00⟩, resulting in the unitary oper-
ation UCZ = diag(1,−1,−1,−1).

between quantum information processing and quantum sens-
ing.

II. PHYSICAL MODEL AND METHODS

A. Ideal Rydberg controlled-Z gate

As illustrated in Fig. 1(a), we consider neutral-atom qubits
with computational states |0⟩ and |1⟩ and a Rydberg state |r1⟩.
The CZ gate is implemented using the phase-modulated pro-
tocol introduced in Ref. [23]. The gate operation relies on the
Rydberg blockade mechanism [14, 26], where strong interac-
tions between simultaneously excited Rydberg atoms gener-

ate conditional excitation dynamics and state-dependent phase
accumulation.

The gate dynamics are governed by

H0 = ∆L

∑
j=1,2

|r1⟩j ⟨r1|+
ΩL

2

∑
j=1,2

(eiϕ(t) |1⟩j⟨r1|+H.c.)

+V11 |r1r1⟩ ⟨r1r1| . (1)

where ΩL and ∆L are the Rabi frequency and detuning of
the laser drive, ϕ(t) is the time-dependent laser phase shown
in Fig. 1(a), and V11 denotes the interaction-induced energy
shift of the doubly excited Rydberg state |r1r1⟩.

The population and phase evolution of the computational
basis states are shown in Fig. 1(b) and (c). The states |01⟩
and |10⟩ undergo closed excitation cycles involving the singly
excited Rydberg manifold, while |11⟩ evolves through the
blockade-coupled state |W ⟩ = (|1r1⟩+ |r11⟩)/

√
2 with tran-

sient occupation of |r1r1⟩. At the end of the pulse sequence,
all population returns to the computational subspace, whereas
different computational basis states acquire distinct dynamical
phases, thereby realizing the CZ gate operation. The resulting
operation in the computational basis {|00⟩ , |01⟩ , |10⟩ , |11⟩}
is

UCZ = diag(1,−1,−1,−1).

This operation is locally equivalent to the conventional
controlled-Z gate, diag(1, 1, 1,−1), up to single-qubit Z
phases.

B. Microwave-coupled Rydberg dynamics

To describe the response of the gate to an external mi-
crowave field, we extend the Hilbert space by introducing an
auxiliary Rydberg state |r2⟩ in addition to the gate Rydberg
state |r1⟩. The total Hamiltonian can be written as

H = H0 +Hmw, (2)

where H0 describes the ideal CZ gate dynamics and

Hmw = Hdrive +Hex +Hint (3)

contains the microwave-induced contributions [46].
The microwave drive coupling the states |r1⟩ and |r2⟩ is

Hdrive = ∆r

∑
j=1,2

|r2⟩j ⟨r2|+
Ωr

2

∑
j=1,2

(
|r1⟩j ⟨r2|+H.c.

)
,

(4)
where Ωr and ∆r denote the microwave Rabi frequency and
detuning, respectively. The resonant dipole-exchange interac-
tion between the two atoms is

Hex = J (|r1r2⟩ ⟨r2r1|+H.c.) , (5)

with J the exchange coupling strength. Finally, the state-
dependent Rydberg interactions beyond the ideal |r1r1⟩
blockade term are described by

Hint =
∑′

m,n
Vmn |rmrn⟩ ⟨rmrn| , (6)
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where Vmn is the interaction energy associated with the Ryd-
berg pair state |rmrn⟩ [49]. The prime indicates exclusion of
the (m,n) = (1, 1) term, which is already included in H0.

To quantify the influence of microwave-induced perturba-
tions on the gate dynamics, we compare the final state gener-
ated by the perturbed evolution with the ideal CZ gate output.
Starting from the input state

|ψ0⟩ = |+⟩ ⊗ |+⟩ , |+⟩ = 1√
2
(|0⟩+ |1⟩). (7)

the ideal gate output is |ψid⟩ = UCZ |ψ0⟩. We characterize the
gate response through the output-state fidelity

F = ⟨ψid| ρout |ψid⟩ = ⟨ψ0|U†
CZρoutUCZ |ψ0⟩ , (8)

where ρout denotes the density matrix at the completion of
the gate sequence [50–52]. This quantity measures the over-
lap between the actual output state and the ideal CZ gate out-
put |ψid⟩, and therefore provides a convenient measure of the
susceptibility of the gate dynamics to microwave-induced per-
turbations.

To account for the finite lifetimes of the Rydberg states,
we describe the system dynamics using a Lindblad master
equation. For each atom, we introduce an auxiliary dump
state |d⟩ that collects population lost from the Rydberg states
|r1⟩ and |r2⟩. This dump-state model provides a phenomeno-
logical description of spontaneous decay without explicitly
resolving the detailed decay channels of the Rydberg mani-
fold [46, 50, 51]. The density matrix evolves according to

dρ

dt
= −i[H, ρ] +

2∑
j=1

2∑
m=1

D[Lj,m] ρ, (9)

where the Lindblad dissipator is defined as

D[L]ρ = LρL† − 1

2

(
L†Lρ+ ρL†L

)
, (10)

with jump operators Lj,m =
√
Γm |d⟩j ⟨rm|. Here Γm de-

notes the decay rate of the Rydberg state |rm⟩.

C. Fisher information

The output state after the gate evolution is denoted by
ρout(Ωr,∆r). To characterize the microwave sensitivity of
the gate dynamics, we evaluate the quantum and classical
Fisher information with respect to the microwave Rabi fre-
quency Ωr, with ∆r treated as a fixed control parameter.

The quantum Fisher information (QFI) with respect to θ is
defined as [48, 53]

FQ(θ) = Tr[ρout(θ)L
2
θ], (11)

where Lθ is the symmetric logarithmic derivative (SLD) de-
termined by

∂θρout(θ) =
1

2
[Lθρout(θ) + ρout(θ)Lθ] . (12)

Writing the density matrix in its eigenbasis as ρout(θ) =∑
i λi |i⟩ ⟨i|, the matrix elements of the SLD equation are

⟨i| ∂θρout(θ) |j⟩ =
λi + λj

2
⟨i|Lθ |j⟩ . (13)

Therefore,

⟨i|Lθ |j⟩ =
2 ⟨i| ∂θρout(θ) |j⟩

λi + λj
, λi + λj ̸= 0. (14)

Substituting these matrix elements into the definition of FQ

and symmetrizing the summation over i and j gives the ex-
pression below

FQ(θ) =
∑
i,j

2

λi + λj
|⟨i|∂θρout(θ)|j⟩|2 , (15)

where λi and |i⟩ denote the eigenvalues and eigenvectors of
ρout(θ). The QFI gives the maximum sensitivity allowed by
quantum mechanics and sets the quantum Cramér–Rao bound
(QCRB)

∆θ ≥ 1√
νFQ(θ)

, (16)

where ν is the number of independent repetitions [48]. A
larger QFI therefore indicates that the output states generated
by slightly different microwave Rabi frequencies are more dis-
tinguishable in principle.

The QFI gives the maximum Fisher information attainable
by optimizing over all measurements on the output state. To
evaluate the information accessible from a specified measure-
ment, we also calculate the classical Fisher information (CFI).
For a measurement with outcome probabilities pk(θ), the CFI
is

FC(θ) =
∑
k

1

pk(θ)

[
∂pk(θ)

∂θ

]2
, (17)

where terms with pk(θ) = 0 are omitted. The corresponding
Cramér–Rao bound is

∆θ ≥ 1√
νFC(θ)

. (18)

In the results below, we evaluate both FQ and FC for estimat-
ing Ωr across the (Ωr,∆r) parameter space. The QFI pro-
vides the ultimate precision bound, while the CFI character-
izes the performance of the chosen measurement scheme. The
Fisher-information analysis is local in parameter space. We
therefore interpret the protocol as estimating a small variation
δΩr around a calibrated operating point Ωr,0,

Ωr = Ωr,0 + δΩr. (19)

The detuning ∆r is treated as a calibrated control parameter.
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Parameter Rb (n = 60) Cs (n = 70)

R (µm) 3.98 4.84
J (MHz) (2π) 70 (2π) 70

V11/J, V22/J 0.037, 0.496 −0.086, 0.720
V12/J 0.107 0.121
Γ−1
1 , Γ−1

2 (µs) 423, 252 913, 372
ΩL (MHz) (2π) 1.656 (2π) 3.852

∆L (MHz) (2π) − 0.032 (2π) 0.075

ξ (2π) 0.028 (2π) − 0.028

τ (µs) 1.81 0.78

Table I. Parameters used in the numerical simulations for the repre-
sentative 87Rb and 133Cs implementations, including the exchange
coupling strength J , Rydberg lifetimes Γ−1

1,2, and optimized CZ gate
parameters. The interaction is symmetric under particle exchange,
such that V12 = V21.
The Rydberg levels are chosen as |r1⟩ =

∣∣nP3/2,mJ = 3/2
〉

and
|r2⟩ =

∣∣nS1/2,mJ = 1/2
〉
.
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Figure 2. Microwave-induced leakage and fidelity response of the
Rydberg CZ gate. (a) Population evolution and (b) phase evolu-
tion for the Rb implementation at the Rabi frequency Ωr = 2π ×
0.1 MHz and detuning ∆r = 2π × 0.8 MHz. Here Pr2 denotes the
total population in states involving |r2⟩. The microwave coupling
induces a finite population leakage to |r2⟩, while leaving the accu-
mulated computational-state phases nearly unaffected. (c) and (d)
Output-state fidelity F as a function of Ωr and ∆r for the Rb and Cs
implementations, respectively. The star in (c) marks the microwave
parameters used in (a) and (b). Regions of rapid fidelity variation
indicate enhanced sensitivity of the gate dynamics to microwave per-
turbations.

III. MICROWAVE-INDUCED EFFECTS ON GATE
DYNAMICS AND SENSITIVITY

We now investigate the response of the Rydberg CZ gate
in the presence of an additional microwave field. Two imple-
mentations based on Rb and Cs atoms are considered here.
The two implementations have the same exchange coupling
strength J = (2π) 70 MHz, allowing a direct comparison of
their gate dynamics and sensing performance [46]. Relevant
simulation parameters are summarized in Table I. The gate pa-
rameters ΩL, ∆L, ξ, and τ were optimized separately for the
Rb and Cs implementations by maximizing the microwave-
free output-state fidelity,

{ΩL,∆L, ξ, τ}opt = argmax
ΩL,∆L,ξ,τ

F(Ωr = 0), (20)

subject to the constraint ΩLτ/(2π) = 3.
For both implementations, the Rydberg lifetimes Γ−1

1,2 are
much longer than the gate duration, ensuring CZ gate fideli-
ties above 0.997 in the absence of microwave perturbations.
In the following subsections, the gate parameters are fixed at
their values optimized for the microwave-free case, while the
microwave parameters (Ωr,∆r) are varied to characterize the
response.

A. Microwave-perturbed gate dynamics

We first investigate how a microwave field modifies the CZ
gate dynamics. During the gate operation, the coupling be-
tween |r1⟩ and |r2⟩ introduces an additional excitation path-
way beyond the ideal gate manifold, perturbing the closed
population trajectories required for high-fidelity gate opera-
tion. Fig. 2(a) and (b) show population and phase evolution for
the Rb implementation. Compared with the ideal gate dynam-
ics shown in Fig. 1(b), the dominant effect of the microwave
field is population transfer from the gate state |r1⟩ to the auxil-
iary state |r2⟩. As a result, a finite population remains outside
the ideal gate manifold at the end of the pulse sequence. In
contrast, the accumulated phases of the computational states
are only weakly modified. The microwave perturbation there-
fore manifests primarily as coherent leakage into the auxiliary
state. These results indicate that the microwave sensitivity
arises primarily from transient Rydberg-state population and
the resulting microwave-induced leakage, while entanglement
does not play a primary role in the present sensing mechanism.

The leakage dynamics directly affect the gate output.
Fig. 2(c) and (d) show the corresponding output-state fidelity
F as a function of the Rabi frequency Ωr and detuning ∆r

for the Rb and Cs implementations, respectively. In the
weak-coupling regime Ωr ≈ 0, the evolution remains close
to the ideal CZ gate trajectory and the fidelity stays near
unity. As Ωr increases, stronger leakage into |r2⟩ leads to
larger reduction of the fidelity. The fidelity response exhibits
a pronounced dependence on the detuning ∆r. For the Rb
implementation, the largest reduction occurs near |∆r| ≈
(2π) 0.8 MHz, and |∆r| ≈ (2π) 1.8 MHz for the Cs imple-
mentation. In these regimes, small variations of Ωr produce
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Figure 3. QFI FQ and CFI FC for estimating the Rabi frequency
Ωr , shown as functions of Ωr and detuning ∆r . (a) and (b) QFI for
the Rb and Cs implementations, respectively. (c) and (d) CFI for the
Rb and Cs implementations, respectively, obtained from the BPM.
Accordingly, FQ and FC are given in units of µs2.

large changes in the gate output, indicating enhanced suscepti-
bility of the gate dynamics to the microwave field. This strong
parameter dependence suggests that the gate dynamics may
serve as a sensitive probe of Ωr.

B. Quantum and classical sensitivity landscapes

To quantify the sensitivity of the microwave-perturbed gate
dynamics, we evaluate both the QFI and the CFI for esti-
mating the Rabi frequency Ωr. Fig. 3 shows the QFI and
CFI landscapes for the Rb and Cs implementations. For both
atomic implementations, the Fisher information exhibits lo-
calized regions of pronounced enhancement. These regions
coincide with the steepest variations in gate fidelity, indicat-
ing that the output state is highly susceptible to small vari-
ations of Ωr. As discussed in the previous subsection, the
microwave field induces coherent leakage from the gate state
|r1⟩ into the auxiliary state |r2⟩. Near the sensitive points,
such as the marked point in Fig. 2(c), this leakage changes
rapidly with Ωr, producing large variations in the final state
and consequently enhancing both the QFI and CFI.

Although the sensitivity distributions are qualitatively sim-
ilar, quantitative differences remain between the two atomic
implementations. The Rb implementation exhibits larger
peak Fisher information, and the Cs implementation exhibits
broader high-sensitivity regions. This difference can be at-
tributed to the shorter gate duration of the Cs implementation,
which reduces the accumulation of microwave-induced per-

turbations during the evolution.
The QFI sets the ultimate sensitivity allowed by quantum

mechanics, but the achievable sensitivity depends on the spe-
cific measurement strategy. We therefore evaluate the CFI for
experimentally accessible measurements. The fidelity defined
in Eq. (8) naturally provides a binary projective measurement
(BPM) onto the ideal output state |ψid⟩, with the measurement
operators

Π0 = |ψid⟩⟨ψid|, Π1 = I −Π0. (21)

The corresponding outcome probabilities are

p0(Ωr) = Tr[Π0ρ(Ωr)] , p1(Ωr) = 1− p0(Ωr), (22)

note that p0(Ωr) is exactly equal to F . The BPM may be
implemented by applying a calibrated CZ gate followed by
Hadamard rotations on both qubits, which maps |ψid⟩ onto
|00⟩, followed by state-resolved fluorescence detection. The
CFI is calculated directly from the binary probability distri-
bution {p0, p1} via Eq. (17). Fig. 3(c) and (d) show the CFI
for two atomic implementations. Similar to the QFI, the CFI
exhibits pronounced enhancement within localized regions.

To further investigate the information that can be extracted
from the output state, we next consider Bell-basis measure-
ments (BBM). In this case, the final state is projected onto
the Bell states |Bk⟩ ∈ {|Φ+⟩, |Φ−⟩, |Ψ+⟩, |Ψ−⟩}, where
|Φ±⟩ = 1√

2
(|00⟩ ± |11⟩) and |Ψ±⟩ = 1√

2
(|01⟩ ± |10⟩). The

corresponding Bell-state probabilities are

pk(Ωr) = ⟨Bk|ρ(Ωr)|Bk⟩, (23)

where k ∈ {Φ+,Φ−,Ψ+,Ψ−}. Since the population leakage
may prevent the system from returning to the computational
subspace at the end of the gate evolution, we additionally de-
fine the leakage probability

pleak(Ωr) = 1−
∑
k

pk(Ωr). (24)

A Bell-basis measurement can be implemented using an ad-
ditional entangling operation and single-qubit rotations be-
fore computational-basis readout [54]. Population outside the
computational subspace is grouped into the leakage outcome.
The CFI is then calculated from the five-outcome probability
distribution

{pΦ+ , pΦ− , pΨ+ , pΨ− , pleak} . (25)

As shown in Fig. 4, the CFI obtained from both the BPM
and BBM approaches the corresponding QFI in parts of the
weak-coupling regimes. This indicates that the simple pro-
jective measurement considered here approaches optimal per-
formance in certain parameter regions, capturing most of the
information in the state.

Finite detection errors may be modeled by a classical confu-
sion matrix acting on the ideal outcome probabilities. Such er-
rors generally reduce the accessible CFI by decreasing the dis-
tinguishability between neighboring probability distributions,
while their quantitative impact depends on the specific exper-
imental readout scheme. [55, 56]
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The achievable uncertainty for estimating the Rabi fre-
quency Ωr is ∆Ωr = 1/

√
νFC(Ωr), as given in Eq. (18).

For the single-shot case (ν = 1), the maximum CFI, obtained
at the optimal parameters (Ωr,∆r), yields ∆Ωr/(2π) =
0.23 MHz for Rb and 0.50 MHz for Cs.

The microwave electric field amplitude EMW is deter-
mined from the measured Rabi frequency Ωr via the rela-
tion Ωr/EMW = d/ℏ, where d is the transition dipole mo-
ment between the Rydberg states, and ℏ is the reduced Planck
constant [34]. Here, EMW denotes the effective microwave
electric-field amplitude associated with the selected |r1⟩ ↔
|r2⟩ transition, and the quoted transition dipole matrix element
is used in converting Ωr into the corresponding field ampli-
tude.

Using the dipole transition matrix elements of the rele-
vant Rydberg states [49], we obtain Ωr/EMW = 2π ×
2721 MHz/(V cm−1) for Rb and Ωr/EMW = 2π ×
2632 MHz/(V cm−1) for Cs.

The corresponding microwave-field uncertainty is therefore

∆EMW =
∆Ωr

Ωr/EMW
. (26)

Substituting the optimal values obtained above gives

∆EMW = 8.4× 10−5 V cm−1

for Rb and

∆EMW = 1.9× 10−4 V cm−1

for Cs. To characterize the intrinsic sensitivity associated with
the coherent gate dynamics, we define the idealized sensitivity

as

ηE = ∆EMW

√
τ , (27)

where τ is the gate duration [47]. Using the gate dura-
tions for the two implementations, we obtain ηRb

E ≈ 1.1 ×
10−7 V cm−1 Hz−1/2 and ηCs

E ≈ 1.7×10−7 V cm−1 Hz−1/2.
These idealized sensitivities are within approximately one

order of magnitude of the best sensitivities reported for mi-
crowave electrometry using an array of independent Rydberg-
atom sensors [34]. Since the present work employs a sin-
gle CZ gate that was originally designed for quantum infor-
mation processing rather than sensing, the reported values
should not be regarded as the ultimate performance achievable
within a gate-based sensing protocol. Further optimization of
the gate-based sensing protocol may enable substantially en-
hanced sensitivity.

IV. DISCUSSION AND CONCLUSION

We propose a protocol for microwave field sensing using a
Rydberg CZ gate. By analyzing the gate dynamics under mi-
crowave perturbation, we identify parameter regimes in which
the gate output is strongly modified, thereby enhancing both
the QFI and CFI. For both Rb and Cs implementations, the re-
sulting idealized sensitivities reach the 10−7 V cm−1 Hz−1/2

level, demonstrating the feasibility of exploiting neutral-atom
entangling gates for microwave sensing.

Overall, these results demonstrate that calibrated gate dy-
namics can serve as a sensitive probe of microwave fields.
More broadly, they illustrate how coherent quantum opera-
tions can be repurposed as metrological resources, providing
a natural interface between quantum information processing
and quantum sensing. While the present work focuses on a
specific CZ gate protocol, the underlying idea is general and
may be extended to other gate architectures and quantum com-
puting platforms, opening new opportunities for integrating
quantum control and quantum metrology within a common
framework [11].
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[16] Wilk T, Gaëtan A, Evellin C, Wolters J, Miroshnychenko Y,
Grangier P and Browaeys A 2010 Phys. Rev. Lett. 104(1)
010502 URL https://link.aps.org/doi/10.1103/
PhysRevLett.104.010502

[17] Graham T M, Kwon M, Grinkemeyer B, Marra Z, Jiang X,
Lichtman M T, Sun Y, Ebert M and Saffman M 2019 Phys. Rev.
Lett. 123 230501

[18] Madjarov I S, Covey J P, Shaw A L, Choi J, Kale A, Cooper A,
Pichler H, Schkolnik V, Williams J R and Endres M 2020 Nat.
Phys. 16 857–861

[19] Levine H, Keesling A, Omran A, Bernien H, Schwartz S, Zi-
brov A S, Endres M, Greiner M, Vuletić V and Lukin M D
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