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Optically detected nuclear magnetic resonance of carbon-13 in bulk diamond

Maxwell D. Aiello, Janis Smits, Yaser Silani, Andris Berzins, David Lidsky, Bryan A. Richards, Amilcar Jeronimo Perez, Chandrasekhar

Ramanathan, Sebastian C. Carrasco, Jabir Chathanathil, Michael Goerz, Vladimir Malinovsky, Dmitry Budker, Sean Lourette, Andrey
Jarmola, Victor M. Acosta

Precision measurements based on optically detected nuclear i e offer isite sensitivity to absolute shifts in spin transition
frequencies, with potential applications in fundamental physics experiments and inertial sensing. We investigate 13C nuclear spins in diamond as
a candidate system for solid-state implementations, which hold the promise for high-fidelity readout of large numbers of coherent nuclear spins
in millitesla or lower magnetic fields. We demonstrate a technique that allows for both optical polarization and readout of large ensembles of
~10A{16} polarized nuclear spins. Our method takes advantage of state-selective Landau-Zener transitions under microwave frequency sweeping,
which bidirectionally transfer spin polarization between Nitrogen-Vacancy (NV) electron spins and remote 13C nuclear spins. Using natural
isotopic abundance di. Is with nitrogen densities of ~0.5-10 ppm, we perform optically-detected 13C Ramsey spectroscopy and realize a
nuclear-spin-dependent fluorescence contrast exceeding 0.5% peak-to-peak. We observe nuclear spin dephasing times T2*~2 ms that only
modestly improve with homonuclear dipolar decoupling, indicating that they are limited by the longitudinal spin relaxation of nearby NV electron
spins. We study the magnetic field dependence of the optical readout and find comparable contrast and dephasing times for magnetic fields in the (
range 8-20 mT. Our method can be interpreted as a type of repetitive readout, where each NV center optically reads out the spin state of ~100

nuclei before nuclear spins depolarize.
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Experimental Setup: NV Center in Diamond
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NV Center Levels
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Pulse Scheme
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Pulse Scheme
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Pulse Scheme
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Pulse Scheme
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Pulse Scheme
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Pulse Scheme

| | | | | | | | |
| | | | | | | | |
! ! ! ! ! ! \ \ !
! ! ! ! ! ! ! ! ‘
! ! ! ! ! ! ! ! !
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
L L Il

I

RF

OV
ST

I
!
|
|
|
L
I

|
|
|
|
|
|
|
|
|
——
Ramsey Measurement Time

sin(§ ) 101 cos(§ ) 104) » sin(§ ) 1119~ cos( 5 ) 101

https://michaelgoerz.net 4/13

ok-----
=k
Q
=.
N
2 ]
=}
S5
|
3
@



Optimal Microwave Pulse Trains for Ramsey Metrology of 13C in Diamond

Polarization
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Hamiltonian
zero-field splitting
- N
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Hamiltonian

N
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Avoided Crossings
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— Aiello et al., arXiv:2605.00152 (2026)
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For positive chirp:
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Avoided Crossings

For negative chirp:
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Interaction with Multiple Carbons
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Polarization of Nuclear Spin — Statistics
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Polarization of Nuclear Spin — Statistics
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Polarization of Nuclear Spin — Statistics

Propagate
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Readout
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Readout
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Control Perspect
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Numerical Framework

JuliaQuantumControl
( Julia Framework for Quantum Optimal Control

A azfollowers & https:/fjuliaquantumcontrol.github.i...
(D Overview [] Repositories 18 () Discussions ] Projects @ Packages A& People 3

People

A)
A Julia Framework for Quantum Optimal Control. &9@
Top languages

The JuliaQuantumControl organization collects packages implementing a comprehensive collection of methods of open-loop @ Julia @ TeX @ Jupyter Notebook
quantum optimal control.

README. md

Quantum optimal control theory attempts to steer a quantum system in some desired way by finding optimal control

parameters or control fields inside the system Hamiltonian or Liouvillian. Typical control tasks are the preparation of a specific Most used topics
quantum state or the realization of a logical gate in a quantum computer. Thus, quantum control theory is a critical part of
realizing quantum technologies, at the lowest level. Numerical methods of open-loop quantum control (methods that do not .

involve measurement feedback from a physical quantum device) such as Krotov's method and GRAPE address the control ptimal trol  quant
problem by simulating the dynamics of the system and then iteratively improving the value of a functional that encodes the

desired outcome.

julia  quantum  grape

The packages in JuliaQuantumControl that implement specific individual methods should be used via the high-level package
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Numerical Framework
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Control Perspectives
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