
Set of experiments
1. S = {𝐼𝑒𝐼𝑁}
2. S = {𝐼𝑒𝐼𝑁, 𝑋𝑒𝐼𝑒}

Estimator
See Ref. [1]

Average MSE (mean squared error)
• MSEA = E መ𝐴 − 𝐴

2

• MSE = ∫ 𝑑𝜇𝐻𝑎𝑎𝑟(𝜓)[MSEz1(𝜓) + MSEz2(𝜓) + MSEz3(𝜓)], 
where 𝑧1 = 𝑍𝑒𝐼𝑁 , 𝑧2 = 𝐼𝑒𝑍𝑁 , 𝑧3 = 𝑍𝑒𝑍𝑁 .

• For the unphysical estimator: MSEu~1/𝑁, 𝑁: shot number

Lindblad equation

ሶ𝜌 = −
𝑖

ℏ
𝐻𝑒 +𝐻𝑁 + 𝐻ℎ𝜌 + σ𝑖 Γ𝑖 𝐷 𝐴𝑖 𝜌,

𝐷 𝐴 𝜌 = 𝐴𝜌𝐴+ −
1

2
𝐴+𝐴, 𝜌

Jump operators: 

𝐴𝑖 = 𝐴𝑒
𝑖 ⊗ 𝐼𝑁, 𝐴𝑒𝑖 = 𝑘 𝑙

𝑘 , 𝑙 ∈ {|𝑔, 0⟩, 𝑔, 1 , 𝑔, −1 , 𝑒, 0 , 𝑒, −1 , 𝑒, 1 , |𝑠⟩}

Photoluminescence intensity for the computational basis states
𝐼 𝑡 = 𝑇𝑟[𝑃𝑒𝜌(𝑡)] , where 𝑃𝑒 = 𝑒, 0 𝑒, 0 + 𝑒,−1 𝑒,−1 + 𝑒, 1 𝑒, 1

Rates for the simulation from Ref. [4].

Transitions at the ESLAC near 𝑩 = 𝟓𝟎 mT
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Nitrogen-vacancy (NV) centers in diamond are a promising platform for
quantum technologies that can be operated even at room temperature.
Readout of the NV center electronic spin is done by detecting the
photoluminescence signal upon laser illumination. Near the excited state level
anticrossing (ESLAC), the photoluminescence signal is not only sensitive to the
electronic spin state but also to the nitrogen’s nuclear spin. This provides a
method to measure the spin polarizations of the electronic spin and the
nuclear spin simultaneously, which can be advantageous compared to
alternative techniques [1]. Laser illumination is used for both multi-shot
readout [1] and initialization [2] of the electronic and nuclear spins. In this
work, we investigate how both the quality of initialization and the quality of
multi-shot readout depend on the magnitude of the external magnetic field.
We consider two different readout methods and identify the optimal magnetic
field value for both. For the second method, which provides the better
readout, the optimum is exactly at the ESLAC, which coincides with the optimal
point of the initialization. Our results can be used to improve the sensitivity of
nitrogen-vacancy based quantum sensors.
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constraint:
𝑝00 + 𝑝01 + 𝑝10 + 𝑝11 = 1

bounds:
0 ≤ 𝑝𝑖 ≤ 1

Physical estimator
• Bounds are respected
• Numerical minimization

Unphysical estimator
• Bounds are not respected
• Analytical solution:

[1] Jingyan He et al., Phys. Rev. Applied 21, 054041 (2024) 
[2] Jacques et al., Phys. Rev. Lett. 102, 057403 (2009)
[3] P. Boross et al., J. Appl. Phys. 137, 214401 (2025)
[4] L. Robledo et al., New J. Phys. 13 025013 (2011)

steady state

Initialization steps
1. Laser pulse

2. Waiting

➢ Steady state:

➢ For details, see Ref. [2]. 

Fig. from Ref. [3]

S = {𝐼𝑒𝐼𝑁} S = {𝐼𝑒𝐼𝑁 , 𝑋𝑒𝐼𝑁}𝑁 = 105
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