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1. Introduction

Optimal control theory [1] provides valuable tools for steering the dynamics of a quantum system and performing
desired operations, with high fidelity and speed. However, quantum sensing poses peculiar challenges to control.
The information on the unitary dynamics of the system is not a priori accessible, due to the presence of unknown
external field to be measured. Thus, fidelity cannot be a suitable figure of merit to optimize control. Moreover, the
goal of sensing requires both maximizing the effect of the field to be measured, and protecting the sensor from
unwanted external noise, two tasks that are inherently contrasting each other.

We devise an optimal control scheme that exploits sensitivity as a novel optimization metric [2]. We exper-
imentally implement this control paradigm using a Nitrogen-Vacancy (NV) center in diamond as a magnetic
field sensor. Advantageously, sensitivity includes both the unknown external field to be measured, and decoher-
ence induced by environmental noise, which we spectroscopically characterize [3]. Our optimal control scheme
demonstrates superior performances in complex sensing tasks, such as measuring multi-chromatic ac fields and
arbitrary waveforms.

2. Discussion

The electronic spin of the Nitrogen-Vacancy center has emerged as a prominent quantum sensor thanks to com-
bination of sensitivity, spatial resolution, and ultralong coherence. In the presence of a static bias magnetic field,
we exploit the Sz = 0,−1 ground-state spin projections as an effective two-level system. The spin qubit is cou-
pled both to the external field b(t) to be measured (inducing unitary but unknown dynamics), and to noise β (t),
inducing decoherence. We assume β (t) to be described by a stochastic variable with power spectral density S(ω)
in frequency domain. Control is applied to the spin qubit via pulsed dynamical decoupling (DD) [4], consisting in
series of π pulses that repeatedly flip the spin, thus reversing its evolution. A Ramsey interferometer embedding
the control sequences measures b(t).

The considered sensing task consists in measuring the amplitude of an ultraweak spectrally characterized mag-
netic field with multiple frequency components. Common equispaced DD pulse sequences show high frequency
selectivity that can be exploited to measure monochromatic ac magnetic fields [6], but for this reason they may
exhibit suboptimal performances when probing a multitone target field due to attenuation of some frequency
components. We have thus designed a direct and fast search method that looks for the optimal pulse sequence
minimizing the cost function η , that is, sensitivity. Note that sensitivity η = eχn(t)

√
t/|φn(t)|, depends on the

applied control both via the decoherence functional χn(t), and via the spin phase φn(t) accumulated during the
evolution time t under the unknown field. The search is performed in a multidimensional parameter space. We
analyze which optimization parameters (e.g., total sensing time, π-pulse positions, signal phase, signal trigger
time) provide the largest improvement without requiring excessive computational resources. An example of op-
timization for a multitone magnetic field is given in Fig. 1 a, showing a remarkable enhancement of sensitivity
compared to standard control when measuring multitone ac fields at fixed interrogation time.

To effectively suppress the effect of unwanted noise, superimposed to the field to be measured, the knowledge of
its sources is critical. We thus demonstrate a noise spectroscopy protocol [3] that complements our optimal control
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200
<latexit sha1_base64="uDS67NZaOzwcH6OMAmPNX/y8A2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjpHSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Muk06i6ruzdnteZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfmDka8=</latexit><latexit sha1_base64="uDS67NZaOzwcH6OMAmPNX/y8A2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjpHSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Muk06i6ruzdnteZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfmDka8=</latexit><latexit sha1_base64="uDS67NZaOzwcH6OMAmPNX/y8A2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjpHSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Muk06i6ruzdnteZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfmDka8=</latexit><latexit sha1_base64="uDS67NZaOzwcH6OMAmPNX/y8A2k=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjpHSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Muk06i6ruzdnteZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfmDka8=</latexit>

400
<latexit sha1_base64="M2QBAnf34grIBqcMKyRNgOYvAZ4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjqjSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Mumc1V1Wd28ateZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfylkbE=</latexit><latexit sha1_base64="M2QBAnf34grIBqcMKyRNgOYvAZ4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjqjSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Mumc1V1Wd28ateZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfylkbE=</latexit><latexit sha1_base64="M2QBAnf34grIBqcMKyRNgOYvAZ4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjqjSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Mumc1V1Wd28ateZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfylkbE=</latexit><latexit sha1_base64="M2QBAnf34grIBqcMKyRNgOYvAZ4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKjqjSFBG0FAGQR5SYkXnyyaccj5bd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ez4kZIWGft0Siura+sb5c3K1vbO7l51/6Bjw9gIaItQhabncwtKamijRAW9yAAPfAVdf3qV+d0HMFaG+g5nEXgBn2g5loJjKt02GBtWa6zOctBl4hakRgq0htWvwSgUcQAaheLW9l0WoZdwg1IomFcGsYWIiymfQD+lmgdgvSSPOqcnseUY0ggMlYrmIvzeSHhg7Szw08mA471d9DLxP68f4/jCS6SOYgQtskMoFeSHrDAy7QDoSBpA5FlyoFJTwQ1HBCMpFyIV47SUStqHu/j9Mumc1V1Wd28ateZl0UyZHJFjckpcck6a5Jq0SJsIMiFP5Jm8OI/Oq/PmvP+Mlpxi55D8gfPxDfylkbE=</latexit>

(a)
<latexit sha1_base64="+E6a5uA4yaFeKJPdmrrSp6yLivA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH6sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTa4yv/OA2sgwuKNphK4P40COpABKpdsanAwqVbtu5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zt5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu07th15+as2rgsmimxQ3bEasxh56zBrlmTtZhgY/bEntmL9Wi9Wm/W+8/oklXsHLA/sD6+ASuPkc8=</latexit><latexit sha1_base64="+E6a5uA4yaFeKJPdmrrSp6yLivA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH6sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTa4yv/OA2sgwuKNphK4P40COpABKpdsanAwqVbtu5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zt5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu07th15+as2rgsmimxQ3bEasxh56zBrlmTtZhgY/bEntmL9Wi9Wm/W+8/oklXsHLA/sD6+ASuPkc8=</latexit><latexit sha1_base64="+E6a5uA4yaFeKJPdmrrSp6yLivA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH6sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTa4yv/OA2sgwuKNphK4P40COpABKpdsanAwqVbtu5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zt5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu07th15+as2rgsmimxQ3bEasxh56zBrlmTtZhgY/bEntmL9Wi9Wm/W+8/oklXsHLA/sD6+ASuPkc8=</latexit><latexit sha1_base64="+E6a5uA4yaFeKJPdmrrSp6yLivA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH6sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTa4yv/OA2sgwuKNphK4P40COpABKpdsanAwqVbtu5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zt5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu07th15+as2rgsmimxQ3bEasxh56zBrlmTtZhgY/bEntmL9Wi9Wm/W+8/oklXsHLA/sD6+ASuPkc8=</latexit>

(b)
<latexit sha1_base64="9G6uCWlxpuDlnZpWRyTeHaV4SOM=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqteSeDStWu2znYInEKUoUCzUHlqz8MRexjQEJxY3qOHZGbcE1SKJyV+7HBiIsJH2MvpQH30bhJHnXGjmPDKWQRaiYVy0X8vZFw35ip76WTPqd7M+9l4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkHyIZSIxHPkiOTARNccyLUknEhUjFOSymnfTjz3y+S9mndsevOzVm1cVk0U4JDOIIaOHAODbiGJrRAwBie4BlerEfr1Xqz3n9Gl6xi5wD+wPr4Bi0fkdA=</latexit><latexit sha1_base64="9G6uCWlxpuDlnZpWRyTeHaV4SOM=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqteSeDStWu2znYInEKUoUCzUHlqz8MRexjQEJxY3qOHZGbcE1SKJyV+7HBiIsJH2MvpQH30bhJHnXGjmPDKWQRaiYVy0X8vZFw35ip76WTPqd7M+9l4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkHyIZSIxHPkiOTARNccyLUknEhUjFOSymnfTjz3y+S9mndsevOzVm1cVk0U4JDOIIaOHAODbiGJrRAwBie4BlerEfr1Xqz3n9Gl6xi5wD+wPr4Bi0fkdA=</latexit><latexit sha1_base64="9G6uCWlxpuDlnZpWRyTeHaV4SOM=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqteSeDStWu2znYInEKUoUCzUHlqz8MRexjQEJxY3qOHZGbcE1SKJyV+7HBiIsJH2MvpQH30bhJHnXGjmPDKWQRaiYVy0X8vZFw35ip76WTPqd7M+9l4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkHyIZSIxHPkiOTARNccyLUknEhUjFOSymnfTjz3y+S9mndsevOzVm1cVk0U4JDOIIaOHAODbiGJrRAwBie4BlerEfr1Xqz3n9Gl6xi5wD+wPr4Bi0fkdA=</latexit><latexit sha1_base64="9G6uCWlxpuDlnZpWRyTeHaV4SOM=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqteSeDStWu2znYInEKUoUCzUHlqz8MRexjQEJxY3qOHZGbcE1SKJyV+7HBiIsJH2MvpQH30bhJHnXGjmPDKWQRaiYVy0X8vZFw35ip76WTPqd7M+9l4n9eL6bRhZvIIIoJA5EdIqkwP2SElmkHyIZSIxHPkiOTARNccyLUknEhUjFOSymnfTjz3y+S9mndsevOzVm1cVk0U4JDOIIaOHAODbiGJrRAwBie4BlerEfr1Xqz3n9Gl6xi5wD+wPr4Bi0fkdA=</latexit>

t(µs)
<latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit><latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit><latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit><latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit>

t(µs)
<latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit><latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit><latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit><latexit sha1_base64="D2QdFZbENbB736Em0o0mXSyCklc=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQgpNJGNkKCMoKEMEnlIiRWdL5twyp1t3a0jIistX0ELFR2i5T8o+Bds4wISphrN7Gpnx4+kMOg4n1ZpZXVtfaO8Wdna3tnds/cP2iaMNYcWD2Wouz4zIEUALRQooRtpYMqX0PEn15nfmYI2IgzucBaBp9g4ECPBGabSwLYp0lpfxX3lhw+JmZ8O7KpTd3LQZeIWpEoKNAf2V38Y8lhBgFwyY3quE6GXMI2CS5hX+rGBiPEJG0MvpQFTYLwkTz6nJ7FhGNIINBWS5iL83kiYMmam/HRSMbw3i14m/uf1YhxdeokIohgh4NkhFBLyQ4ZrkVYCdCg0ILIsOVARUM40QwQtKOM8FeO0o0rah7v4/TJpn9Vdp+7enlcbV0UzZXJEjkmNuOSCNMgNaZIW4WRKnsgzebEerVfrzXr/GS1Zxc4h+QPr4xuNc5eQ</latexit>

(c)
<latexit sha1_base64="7dIcXDVb0LbKbZnibEX9lAiK2q0=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqtiZNBpWrX7RxskTgFqUKB5qDy1R+GIvYxIKG4MT3HjshNuCYpFM7K/dhgxMWEj7GX0oD7aNwkjzpjx7HhFLIINZOK5SL+3ki4b8zU99JJn9O9mfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QDZEOpkYhnyZHJgAmuORFqybgQqRinpZTTPpz57xdJ+7Tu2HXn5qzauCyaKcEhHEENHDiHBlxDE1ogYAxP8Awv1qP1ar1Z7z+jS1axcwB/YH18Ay6vkdE=</latexit><latexit sha1_base64="7dIcXDVb0LbKbZnibEX9lAiK2q0=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqtiZNBpWrX7RxskTgFqUKB5qDy1R+GIvYxIKG4MT3HjshNuCYpFM7K/dhgxMWEj7GX0oD7aNwkjzpjx7HhFLIINZOK5SL+3ki4b8zU99JJn9O9mfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QDZEOpkYhnyZHJgAmuORFqybgQqRinpZTTPpz57xdJ+7Tu2HXn5qzauCyaKcEhHEENHDiHBlxDE1ogYAxP8Awv1qP1ar1Z7z+jS1axcwB/YH18Ay6vkdE=</latexit><latexit sha1_base64="7dIcXDVb0LbKbZnibEX9lAiK2q0=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqtiZNBpWrX7RxskTgFqUKB5qDy1R+GIvYxIKG4MT3HjshNuCYpFM7K/dhgxMWEj7GX0oD7aNwkjzpjx7HhFLIINZOK5SL+3ki4b8zU99JJn9O9mfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QDZEOpkYhnyZHJgAmuORFqybgQqRinpZTTPpz57xdJ+7Tu2HXn5qzauCyaKcEhHEENHDiHBlxDE1ogYAxP8Awv1qP1ar1Z7z+jS1axcwB/YH18Ay6vkdE=</latexit><latexit sha1_base64="7dIcXDVb0LbKbZnibEX9lAiK2q0=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESGFJrIREpQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe563KCSAbZIksJupJH7nsKON7nK/M4DaiPD4I6mEbo+HwdyJAWnVLqtiZNBpWrX7RxskTgFqUKB5qDy1R+GIvYxIKG4MT3HjshNuCYpFM7K/dhgxMWEj7GX0oD7aNwkjzpjx7HhFLIINZOK5SL+3ki4b8zU99JJn9O9mfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QDZEOpkYhnyZHJgAmuORFqybgQqRinpZTTPpz57xdJ+7Tu2HXn5qzauCyaKcEhHEENHDiHBlxDE1ogYAxP8Awv1qP1ar1Z7z+jS1axcwB/YH18Ay6vkdE=</latexit>

Fig. 1. (a) Inverse of sensitivity, measured in the presence of a sample multitone target field b(t)
under equispaced DD sequences (dots), and under optimized control (diamonds). The curves repre-
sent the theoretical predictions for the equispaced sequence (green) and the optimized one (blue).
The inset shows the time dependece of b(t) and subsets of the two pulse distributions (comprising
50 pulses in both the cases). (b) Noise spectrum (in blue) and coupling with nearby nuclei (in red),
due to Carbon nuclear spins inside diamond. (c) Time evolution of spin coherence under different
non-equispaced AXY8 pulse sequences. Dots are experimental data with statistical error. Red lines
are the predicted coherence simulated using the measured environment, with no free parameters.

strategy. In the absence of any target field, we characterize the nuclear spin environment of the NV qubit inside
diamond, comprising both coherently coupled quantum systems, and a larger quantum bath that can be modeled as
a classical stochastic field β (t) (Fig. 1 b). We overcome the limitation due to the relatively short coherence times
by using the higher-order harmonics of DD sequence to provide noise attenuation, and avoid signal saturation
from the strong noise peak. Remarkably, in the weak coupling regime of the qubit to the spin environment (high
bias field), the obtained environment model shows predictive behavior (Fig. 1 c) under different different kinds of
time-dependent control, beyond monochromatic filters.

3. Conclusions

We demonstrated a robust and efficient control method adapted for quantum sensing applications. A precise mod-
eling of the NV spin environment can be used to further improve environment noise suppression, specifically
tailored to the measured noise spectrum.
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