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Adaptive Bayesian atom-number estimation

/" set control
parameter

yk

—

/" system

o |=—>

" optimal estimator

('1'9,‘.:t A'@_)( ni, ..

/" perform
measurement

p(nklaayk)

detector

PRL 136, 140801 (2026)



Atom-photon interface

1. Cold atoms in intersected waveguides

2. Scalable 2D architecture for 3. Applications

photonic circuits .
e Quantum memories

e Quantum networks
e Quantum sensors

E. Da Ros, PRR 2, 033098 (2020)



Bayesian inference for quantum technologies
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Optimal strategy: estimator, uncertainty, and gain
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Symmetries select the optimal strategy

Parameter location scale geometry
Symmetry 0 =0+ 0 = y0 f(0) = f(0) + c
Prior p(0) x 1 p(0) x % p(0) < \/F(0)

Maximum ignorance compatible with the platform: Pavu(0)

s,
0) =J dt a1
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Platform symmetries and location-isomorphic parameters

Step 1: calculate a relevant ignorance prior

First constraint Second constraint
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Step 2: marginalise over the nuisance parameter

]
p(0) = [dcop(qﬂ, 0) x 1 p(p) = Jdﬁp(fp, 0) p

Step 3: derive the symmetry function from the ignorance prior
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Symmetry-informed quantum sensing: core procedure

@ Statistical model as proxy: Poisson distribution with mean n (¢, 0)

‘ . 51/9/ — 51/9 T lOg(}/)
@ Invariance: )
QY =7yQ

Contextual information: the laser frequency carries no information about @, 0

1
Platform-d dent i ior: + ,0) x —
@ atform-dependent ignorance prior = Pvi(@, 0) ;

@ Optimal strategy: @ + @ — N (x) £ AN (x) are the mean and std. dev. of
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Symmetry-informed quantum sensing: core procedure

@ Statistical model as proxy: Poisson distribution with mean n (¢, 0)

‘ . 51/9/ — 51/9 T lOg(}/)
@ Invariance: )
QY =7yQ

Contextual information: the laser frequency carries no information about @, 0

1
Platform-d dent i ior: + ,0) x —
@ atform-dependent ignorance prior = Pvi(@, 0) ;

@ Precision gain to be maximised within the adaptive loop:

PRL 136, 140801 (2026)



Bayesian methods outperform local estimation
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 Target atom number: ~280

* 30 independent repetitions per method
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Bayesian methods outperform local estimation
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Bayesian multiparameter quantum estimation
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 Measurement incompatibility is bounded by a factor of two
» Classical problem: solved analytically
e Quantum problem: currently solved numerically

arxXiv:2511.16645



Symmetry-informed quantum estimation

Theory contributions

e arXiv:2511.16645

 Quantum Sci. Technol., 10, 045053 (2025)
. Phys. Rev. A, 110, L030401 (2024)

e Quantum Sci. Technol., 8, 015009 (2023)
. Phys. Rev. Lett., 127, 190402 (2021)

Experimental contributions

 Phys. Rev. Lett. 136, 140801 (2026)
 J. Chem. Theory Comput., 20, 1, 385-395 (2023)
 PRX Quantum 3, 040330 (2022)

Contact: jesus@rubiojimenez.com


mailto:jesus@rubiojimenez.com

