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Fig. 1. Diamond NV center-based quantum sensing under
high pressure. The figure on the left illustrates the basic
structure of a diamond anvil cell, which consists of two spe-
cially cut diamonds and a metal seal. The sample is loaded
into the central hole of the gasket, which is filled with a
pressure-transmitting medium. High pressure is applied to
the sample by compressing the upper and lower diamond
anvils. The diagram on the right shows the physical struc-
ture of a nitrogen-vacancy (NV) center in diamond, which
consists of a substituted nitrogen atom and an adjacent va-
cancy. The spin state of NV centers can be efficiently polar-
ized, controlled and read out using optical methods, en-
abling sensitive quantum sensing at the nanoscale. NV-
based quantum sensing is compatible with diamond anvil
cells and provides a novel method to realize magnetic reson-
ance and magnetic measurements under high pressure con-

ditions.
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Fig. 2. Working principle of diamond quantum sensing: (a) The energy level structure and the optical transitions of NV centers in
diamond; the right diagram shows the ground states of an NV center under different external magnetic fields (Zeeman effect);
(b) typical optically detected magnetic resonance (ODMR) spectra. Top: ODMR spectrum at zero-field. Bottom: ODMR spectrum
under an external magnetic field of 24 G (1 G = 10* T). By fitting the resonance frequency of the ODMR spectra, we can deter-
mine the strength and orientation of the magnetic field.
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Fig. 3. The influence of pressure on the optical properties of NV centers: (a) Schematic representation of the zero-phonon line (ZPL)
and the phonon sideband (PSB) M; (b) two methods for placing NV centers in the DAC high-pressure chamber, the top diagram
shows placement of diamond particles with NV centers in the pressure-transmitting medium, and the bottom diagram shows fabri-
cation of shallow NV centers on the diamond culet ['%; (¢) PL spectra of NV centers under different pressures, the experiment is per-
formed with 532 nm laser excitation and NV centers in microdiamond [M; (d) pressure dependence of the ZPL, the experiment is
performed with shallow NV centers on the culet, the results emphasize the importance of the hydrostatic environment for ODMR at

high pressure ['2.
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Fig. 4. The influence of pressure on the spin properties of NV centers: (a) Ground states of NV centers with and without external
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Fig. 5. Working pressure and sensitivity of color center-

based quantum sensing!!.
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Fig. 6. NMR of N spin ensemble under high pressurel’¥: (a) Schematic representation of high-pressure NMR, enabled by NV cen-
ters(left), dynamical nuclear spin polarization of N nuclear spin at ESLAC(right); (b) energy levels of the coupled electron and
nuclear spin system, with the transitions of the NMR measurements labeled; (¢) typical NMR spectra of N spin ensemble under

different pressures, NV electron spins in the |ms = 0) state(left), NV electron spins in the |ms = —1) state(right); (d) absolute

value of () (red) and A, (blue) as a function of pressure; (e) pressure dependence of the width of N NMR spectra.
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Fig. 7. High-pressure quantum sensing with color centers in SiC and hBN: (a) The physical structure of Si vacancy and divacancy
in 4H-SiC *7; (b), (c) typical ODMR spectra of the PL5@SiC divacancy center and the pressure dependence of its zero-field splitting!?);
(d) the physical structure of B vacancy in hBN, V5 ; (e), (f) typical ODMR spectra of V5 @hBN and the pressure dependence of
its zero-field splitting!™.
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Fig. 9. Imaging the Meissner effect in CeHy under high pressurel'”: (a) The experimental sequence for probing local diamagnetism;
(b) confocal fluorescence image of the sample, ODMR spectroscopy is performed at the labeled points; (¢) NV ODMR spectra collec-
ted at the blue spatial point in (b) on field heating at H, = 79 G (following zero-field cooling), the ODMR splitting increases as T
is increased across Tc ; (d) the local field, B, (left y-axis) and the four-point resistance (right y-axis) as a function of temperature;
(e) simultaneous measurements of four-point resistance (right y-axis) and the change in the local field, 6B, (left y-axis) on field

cooling with H, = 79 G, the measured resistance identifies a clear transition at T¢c ~ 91 K.
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Fig. 10. Probing the Meissner effect in pressurized bilayer nickelate LagNiyO7s and LayPrNi,O; [1: (a) Fluorescence image of sample

A (LayPrNiyO; in silicon oil); (b) magnetic field imaging under an external magnetic field of H, = 120 G after zero-field cooling of
the sample to 7 K, the blue area shows clear diamagnetism; (¢) ODMR splitting of three selected points under ZFC-FW and FC

measurements, point A is far away from the sample and serves as a reference, point A, is on the sample and local demagnetization

is observed at low temperature, point A, is located at the sample edge and a local enhancement of magnetic field is observed, simil-

ar phenomena are observed in the ZFC-FW and FC measurements, (d) comparison of the diamagnetism effect of the three samples

during the ZFW-FW measurement, the external magnetic field is about 120 G.
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Abstract

High-pressure extreme conditions are crucial for realizing novel states and regulating material properties,
while magnetic resonance technology is a widely used method to characterize microscopic magnetic structures
and magnetic properties. The integration of these two fields offers new opportunities for cutting-edge research in
condensed matter physics and materials science. However, conventional magnetic resonance is limited by several
factors, such as low spin polarization and low signal detection efficiency, which makes in-situ measurement of
micrometer-sized samples under ultra-high pressure a challenge. Recent advances in quantum sensing with color
centers in solids, in particular, the development of quantum sensors based on nitrogen vacancy (NV) centers in
diamond, provide an innovative solution for magnetic resonance and in-situ quantum sensing under high
pressure. This article summarizes the effects of high-pressure conditions on the spin and optical properties, as
well as on the magnetic resonance of diamond NV centers. In addition, this article reviews recent advances in
high-pressure quantum sensing through applications such as magnetic imaging, pressure detection, and the
study of the superconducting Meissner effect under high pressure.
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