
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Microscopic Origins of Room Temperature Superradiance In 2D Materials

Pandey, Devashish; Fischer, Moritz; Leitherer-Stenger, Nicolas; Wubs, Martijn

Publication date:
2023

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Pandey, D., Fischer, M., Leitherer-Stenger, N., & Wubs, M. (2023). Microscopic Origins of Room Temperature
Superradiance In 2D Materials. 1. Poster session presented at Quantum Emitters in 2D, Valbonne, France.

https://orbit.dtu.dk/en/publications/36e0e7c7-217a-4a44-80cb-cc5ef3d3c238


Microscopic Origins of Room Temperature Superradiance

In 2D Materials
Devashish Pandey, Moritz Fischer, Nicolas Stenger, and Martijn Wubs

Structured Electromagnetic Materials Group, Nanophotonics Section

Department of Electrical and Photonics Engineering

Technical University of Denmark

depan@dtu.dk, mwubs@dtu.dk

9. Acknowledgements 

1. Introduction 2. Markovian vs non-Markovian correlations

5. Emission spectrum

3. Polaron method

6. Experiments on emitters in 2D in our group

7. Conclusions and outlook 8. References

• Color centers in hBN have been identified with a lifetime-limited broadening of the

zero-phonon line (ZPL) even at room temperature attributed to mechanical isolation

between the low-energy phonons and the emitters3. This platform is promising for

observing room temperature superradiance.
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• Room temperature collective effects in some specific types of defects in hBN could be a

possibility due to their lifetime limited ZPL at room temperature. On the other hand, in

other material platforms, thermal broadening of the ZPL of quantum emitters due to the

pure dephasing processes may obscure collective emission, still, leaving room for

observing collective effects at low temperatures. Our theoretical work captures these

issues effectively and promotes the engineering of these effects for realistic

applications.

• Superradiance is a quantum phenomenon that arises from the collective emission of

multiple quantum emitters1. Recently, superradiance has been observed in solid-state

perovskites attributed to the formation of large polarons which reduces the thermal

and carrier scattering events, increasing the coherence time2. Similarly, other novel

mechanisms needs to be explored in different material platforms.

For the phonon spectral densities we are interested in, the Markovian master equation

(MME) predicts fast (ps) loss of coherence (Fig.1) which is contrary to what the exact

solution predicts (Fig.2). Thus MME should be used with caution for modeling phonon

effects.
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• Distance dependent cross correlations in the phonon baths are also crucial to get an

overall picture of phonon effects which needs to be explored in the future.

From Markovian master equation4 From the exact solution5

• Modeling solid-state emitters require including exciton-photon and exciton-phonon

dynamics. Exciton-phonon dynamics is non-Markovian and cannot be modeled by the

Markovian Lindblad master equation4. Therefore there is a need for new accurate and

computationally efficient techniques especially for modeling multiple emitters that are

necessary to observe superradiance.
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It captures the non-Markovian phonon relaxation processes that result in phonon side 

bands as well as the ZPL broadening due to phonon induced pure dephasing process.
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The collective decay and lamb shift get altered due to 

phonons but the single emitter decay rates remain 

unaltered. For similar discussion also see Ref. 6 
The figure depicts eigenstates in a collective basis for two

emitters with polaron shifted frequency 𝜔1
′ and 𝜔2′. |+〉 and

|−〉 are super and subradiant states respectively . While Υ+

and Υ− are the super and subradiant emission rates
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Controlled generation of luminescent centers in 

hBN by irradiation engineering7

Identifying the microscopic origin of quantum emitters by 

comparing their spectra with ab initio calculations

Photoluminescence excitation spectroscopy of 

luminescent centers in hBN8


