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Fig. 1. (a) Schematic diagram of the energy level structure for NV center in diamond®; (b) magnetic field dependence of ODMR

peaks!'%; (c) basic structure of a diamond anvil cell*’].
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Fig. 2. Influence of pressure on the optical and spin properties of NV centers: (a) PL spectra of NV centers under different pressuresl*?;

(b) ODMR spectra of NV centers under different pressures, the experiment is performed with shallow NV centers in (111) cut dia-

mond®; (c) pressure dependence of zero field splitting, DP*l; (d) a spin echo (that is, pulsed) measurement NV coherence at pres-

sures of 137 GPaB4.

Dy ST R R O A R B .
Kl 2(a) Frs, ot il & AR N NV @G RDE
ORI UE T H R 2 F BNV A0S SR
FME S5, (HHZEETE 100 GPa IHI3SR AT LU
BRI 142, Wang 25 B IR T [111) &l & RIG
NV .0 ) ODMR, & BUX HEFE 130 GPa 4758k
R (K 2(b)). Bl 2(c) BR TES 248 DK%
SRS IR, HLAE 130 GPa JulE N, B 555
B 5 1 B9 AR AL RNy (7.2440.14) MHz/GPa. [a]f
Hb, Bhattacharyya 55 B4 7£ 137 GPa & JE 3£ 8K
TR NV @0y 3 e, it [ e R
DA 2 A THHE Ty = 2.04 ps.

B D R IR L T A E A SR AL
JE bR s B, A B EA R, W3 NV @
() A R B A, BERS LI <P R 3

“1”. Hsieh 45 B il H NV @01 9K R T
P IR A R 5 WA Al ARG T, M TR
P A DA A Rl T 3R TR AT — RS TR, AE R
A ODMR L, MMk 7 8 P ILdRI
FRAYTELE, X LEAFARRNL 4 > NV s # H IERES
i M3, HARALAZ SRyl L 77 5K A A 2. i ek
RORR 22 R IR, RERS PRI B A 1 117
SR X OTIE DA T 0.01 GPa KGR T 4
i 6 AN o

2.2 BETEBUEESMAAELD (V) SR

UTAER, WAl (LR R AE MR T WG~
v R B O A — P AR R
B WA B AR SR T IR | S 5
T R RE T LA S SR IR I T T s

040705-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 4 (2026) 040705
@ [ — 0GPa () 3| = 0 GPa
— 1 GPa ® 10.4 GPa
© @ — 5 GPa 4 24.6 GPa
QX
=g
g7 z 2
(ool —
25 X
S0
= e
A~ E
O L A
-
0 1 1 1 1 1 1 1 1 1
800 850 900 950 1000 1050 40 60 80 100
Wavelength/nm Frequency/MHz
(c) (d) 12
82r dD/dP=
(0.31 % 0.01) MHz/GPa e
« 80F
5
; 78 2 8 }——‘{\{ { /{\}
9 <
g S
) 76 6 F
2
B4t
s
72 F
. . . . . . 2 . . .
0 5 10 15 20 25 30 0 10 20 30
Pressure/GPa Pressure/GPa

3w X BR AR Ak 23 i Vi Y622 F E BE: BT i 5 i

(a) =

MAREET Vg LR R RIGHEEY; (b) 18 =R R %

SNRE% T 9 ODMR 3% . SE28 R IE B 2% 3004 Y (¢) 75 27 GPa JE I T8 BN, D24, £ 2% (0.3140.01) MHz/GPal;

(d) EUREAH T ] T, 76 25 GPa 1 FEI P #5752 09

Fig. 3. Influence of pressure on the optical and spin properties of the Vg; centers: (a) Room temperature photoluminescence spectra

of the Vg; centers at three representative pressures?s); (b) ODMR spectra at three different pressures with zero external magnetic

field. The solid lines represent Lorentzian fitsP¥; (c¢) within a pressure range of 27 GPa, D increases linearly with a coefficient of
(0.31 £ 0.01) MHz/GPal¥; (d) T, exhibits remarkable stability over a wide pressure range of 25 GPal*l.
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Fig. 4. Influence of pressure on the optical and spin properties of the VgV centers: (a) Low-temperature fluorescence spectra of di-
vacancy at 25 K, the ZPL of PL5 has a small blueshift’”; (b) several representative ODMR. spectra (black dots) at different pres-

sures under zero magnetic field. The red curves are the fits using the Lorentz functions®; (c) measured ZFS parameter increases

linearly as the pressure increases with a slope of 25.1 MHz/GPal*"l; (d) measured spin coherence time T, as a function of pressurel*’.
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Fig. 5

. Optical properties and spin properties of Vg centers in hBN under hydrostatic pressure: (a) Series of PL spectra at differ-

ent pressures'; (b) ODMR spectra recorded at 0.5 GPa (top) and 2.6 GPa (bottom). The solid lines are data fitting with Lorentzi-
an functions!®; (c) zero-field splitting parameter D as a function of P. Inset: Evolution of the E-splitting parameter with P [0},

(d) optically-detected spin relaxation curves recorded at different pressures using the experimental pulse sequence shown on top.

Inset: Evolution of the spin relaxation time T} with P[0,
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Fig. 6. Detection of the pressure-induced magnetic phase transition of conventional magnetic materials: (a) Detection of the pres-

sure-induced magnetic phase transition of a Nd,Fe,B magnet using shallow Vg; centers. The figure shows ODMR spectra at differ-

ent pressuresP; (b) the inferred magnetic fields of the Nd,Fe,,;B sample were measured using Vg centers during the compression

and decompression processes®; (c) observation of the a-e transition of iron at each pressure using shallow Vg centers. The data ob-

tained during the pressure increase are shown by blue dots and those obtained during the pressure release are shown by red dotsP2;

(d) observation of the a-e transition of Fe;O,4 at each pressure using shallow Vg; centers; (e)—(i) magnetic field imaging of the sur-

face of Fe;0, with an external magnetic field of ~240 G at different pressures, respectively!*?.
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Fig. 7. Detection of the pressure-induced magnetic phase transition of two-dimensiona magnetic materials: (a) Maximum magnetic

field measured at the edges of the CrTe, flake as a function of pressure using boron vacancy centers in hexagonal boron nitridel“s);

(b) the temperature-dependent changes in the magnetic field magnitude perpendicular to the surface of Fe;GeTe,, measured using

Vg centers"l; (c) evolution of the maximum stray magnetic field difference as a function of pressure, with data showing pressuriza-

tion (blue) and depressurization (red) cycles*™.
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Fig. 8. (a) ODMR spectra of NV centers in iron-based superconductors at critical temperature®; (b), (c) fluorescence image of
La,PrNiyO; with multi-point meissner effect measurements. The superconducting diamagnetic response was detected at position
A1l using ODMRFZ; (d), (e) local diamagnetism of the LagNiyO; s sample at 28 GPa. Fluorescence scanning confocal image of the
corresponding sample at 28 GPa, four points (1, 2, 3, 4) are selected based on their positions with respect to the LasNi,O; s sample.
No Meissner diamagnetism was observed at positions 1 and 3, while positions 2 and 4 exhibit clear Meissner shieldingP; (f) direct
observation of the Meissner effect in high-pressure CeH, superconductors via quantum magnetometry®4. The blue curve shows dia-
magnetic shielding from NV center measurements, while the black curve displays zero resistance measured via four-terminal meth-

od. Both methods yield consistent results.
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SPECIAL TOPIC—Principles and applications of quantum optics

Research progress of quantum magnetic sensing of solid-state
color centers under high pressure”
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Abstract

High-pressure science has emerged as one of the core frontiers for exploring novel states of matters and
phenomena under extreme conditions. In high-pressure environments, the in situ detection of physical quantities
such as magnetic fields and pressure is crucial for understanding material behaviors under extreme conditions.
However, traditional high-pressure magnetic sensing techniques often face challenges such as low spatial
resolution, poor sensitivity, and difficulties in achieving in situ magnetic detection.

In recent years, quantum sensors based on solid-state color centers, such as nitrogen-vacancy centers in
diamond, silicon-vacancy/double-vacancy centers in silicon carbide, and color centers in hexagonal boron
nitride, have enabled high-pressure quantum metrology with micrometer-scale spatial resolution, high
sensitivity, and superior in situ detection capabilities, offering innovative solutions for high-pressure research.

This review systematically summarizes the effects of extreme high-pressure conditions on the optical and
spin properties of these solid-state defects. Furthermore, taking high-pressure magnetic phase transition studies
of magnetic materials and Meissner effect measurements in superconductors for example, we highlight recent
advances in in situ magnetic sensing using solid-state color centers under high pressure. This review aims to
provide technical guidance for developing high-pressure quantum precision measurement techniques based on

solid-state defects in the future.

Keywords: high pressure, solid-state color centers, optically detected magnetic resonance, in situ magnetic

detection
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