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Complexity of solid state system is a significant challenge for a researcher, but it is also source of opportunities. 

To the contrast with atomic systems color centers in solids exhibit electron–phonon coupling which considerably 

modifies its spectrum and create considerable limitations for room-temperature sloid state quantum information 

processing. However, same coupling may be efficiently used in sensing application. In this contribution we present 

high-resolution, all-optical thermometry based on electron phono coupling in GeV color center in diamond. This 

method opens a way to produce non-invasive, back-action-free temperature measurements in a wide range of 

temperatures in nanoscale.  

Color centers in diamond are attractive systems for applications in quantum communication, quantum 

metrology and quantum information processing. GeV color center have strong zero-phonon line emission that 

constitutes ∼70% of the total emission, absence of dark sate and phonon relaxation from exited state. These 

optical properties are due to the inversion 

symmetry of the system which additionally 

suppresses effects of spectral diffusion 

that is a key requirement for many 

quantum information processing 

protocols1. 

Since temperature is the fundamental 

factor regulating most chemical reactions 

in vivo, the realization of precise non-

invasive thermometry, which will help to 

understand thermal properties of living 

organism, became foreground-standing 

problem2.  

We present the first systematic study of 

the electron–phonon interactions that are 

responsible for relaxation within the 

ground and excited states of the GeV− center. We studied 4 different samples all demonstrating similar behavior 

of zero-phone line of GeV color center with temperature. Based on these studies we demonstrate all-optical 

thermometry with resolution well below 0.1K. Achieved resolution together with chemical and physical inertness 

of nanodiamond passes the way for understanding of thermal function of living organisms and cells.   

Fig. 1 Temperature dependence of the zero-phonon line position for sample. A) 
Cubic dependence B) High-resolution temperature dependence of the GeV 
center zero-phonon line position with 10 second integration time at each point 
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