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Nitrogen-vacancy (NV) center spins in diamond, for their superb quantum coherence properties 
under ambient conditions, are useful as quantum sensors to detect weak signals from the 
environment. However, the spin transitions are insensitive to some important parameters such as 
temperature, pressure, and chemical compounds in environments. To enhance the sensitivity and 
to enable sensing parameters that have no direct effect on the spin transitions, hybridization of 
different systems can be employed. Here we discuss several schemes of hybridization of 
nanodiamonds and magnetic nanoparticles. We designed and experimentally demonstrated a 
hybridized nano-sensor based on a fluorescent nanodiamond (FND) and a magnetic nanoparticle 
(MNP). Due to the critical behavior of the MNP near the Curie temperature of the material (CuNi 
alloy), the magnetic field felt by the NV centers in the FND and hence the spin resonances are 
critically sensitive to the temperature near the Curie temperature, which enhances the temperature 
sensitivity by orders of magnitude as compared with bare FND sensors. The theoretical 
sensitivity of the hybrid sensor is better than ~2 μk/(Hz)1/2, a >103 improvement over a bare NV 
center thermometer. We experimentally demonstrated a sensitivity of 7.3 mK /(Hz)1/2 near room 
temperature. Choosing chemical composition of the MNP allows tuning the transition 
temperature and hence the working temperature range of the hybrid nano-thermometer. The 
hybrid quantum sensing may facilitate a broad range of nanoscale studies in physics, chemistry 
and biology. 
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Figure 1: Criticality-enhanced hybrid nano-
thermometer with tunable optimal working 
temperature. The nanothermometer is composed of an 
FND (with about 500 NV centers inside) and a nearby Cu1-

xNix MNP. a, Confocal image (inset, TEM image) of the 
hybrid sensor. b, ODMR spectra of the hybrid sensor for 
various temperatures under zero external magnetic field. 
The splitting is caused by the magnetic field from the 
MNP. c, ODMR frequency shifts of the m=0 → m=±1 
transitions as functions of temperature. The zero-field 
splitting D is obtained by averaging the two split 
frequencies. Both heating (red squares) and cooling (black 
squares) processes are measured. d, The spontaneous 
magnetization of the MNP extracted from the ODMR 
spectrum. The Curie temperature of the MNP about 321 K, 
which is consistence with its chemical components 
(Cu0.272Ni0.728) as measured by the EDX in the TEM 

 


