
1 

Roberto de J. León-Montiel 

Smart Quantum Statistical 
Imaging beyond the  
Abbe-Rayleigh Criterion 

 

ICN – The Institute of Nuclear Sciences 

UNAM – National Autonomous University of Mexico 



Micro and Nanophotonics Lab @ UNAM 

Tomas Arvizu Arturo Pedroza Áulide Martínez Samuel Corona José D. Huerta 

Undergraduate Master’s student Ph.D. Students Postdocs 

Jorge A. Peralta 



Spectroscopy with non-classical light 

Smart quantum (and classical) optics 

experiments 

Quantum transport in complex systems 

A. Martínez-Tapia, RJLM et al., APL Photonics 8, 036104 (2023) 

S. Corona-Aquino, RJLM et al., J. Phys. Chem. A 126, 2185 (2022) 

L. Mertenskötter, K. Busch, and RJLM, JOSA B 38, C63 (2021)   

RJLM, J. Phys. 1540, 012015 (2020) 

M. A. Quiroz-Juárez, RJLM, et al., EPJ Plus 138, 775 (2023) 

J. D. Huerta-Morales, RJLM et al., Phys. Rev. A 107, 042219 (2023) 

M. A. Quiroz-Juárez, RJLM et al., Phys. Rev. Research 3, 013010 (2021) 

P. Reséndiz-Vázquez, RJLM, et al., Phys. Rev. Research 2, 013387 (2020) 

M. L. J. Lollie, RJLM, et al., Mach. Learn.: Sci. Technol. 3, 035006 (2022)  

N. Bhusal, RJLM, et al., npj Quantum Inf. 8, 83 (2022) 

A. Villegas, RJLM et al., Photonics 9, 74 (2022) 

M. A. Quiroz-Juárez, RJLM et al., Plos One 16, e0257234 (2021) 

C. You, RJLM et al., Appl. Phys. Rev. 7, 021404 (2020) 

M. Hong, RJLM et al., Laser & Photonics Reviews 23001117 (2023) 

C. You, RJLM et al., npj Quantum Information 9, 50 (2023) 

N. Bhusal, RJLM et al., npj Quantum Information 8, 83 (2022) 

C. You, RJLM et al., Nature Communications 12, 5161 (2021) 

Multiphoton quantum-state engineering and 

quantum simulation 



Spectroscopy with non-classical light 

Smart quantum (and classical) optics 

experiments 

Quantum transport in complex systems 

A. Martínez-Tapia, RJLM et al., APL Photonics 8, 036104 (2023) 

S. Corona-Aquino, RJLM et al., J. Phys. Chem. A 126, 2185 (2022) 

L. Mertenskötter, K. Busch, and RJLM, JOSA B 38, C63 (2021)   

RJLM, J. Phys. 1540, 012015 (2020) 

M. A. Quiroz-Juárez, RJLM, et al., EPJ Plus 138, 775 (2023) 

J. D. Huerta-Morales, RJLM et al., Phys. Rev. A 107, 042219 (2023) 

M. A. Quiroz-Juárez, RJLM et al., Phys. Rev. Research 3, 013010 (2021) 

P. Reséndiz-Vázquez, RJLM, et al., Phys. Rev. Research 2, 013387 (2020) 

M. L. J. Lollie, RJLM, et al., Mach. Learn.: Sci. Technol. 3, 035006 (2022)  

N. Bhusal, RJLM, et al., npj Quantum Inf. 8, 83 (2022) 

A. Villegas, RJLM et al., Photonics 9, 74 (2022) 

M. A. Quiroz-Juárez, RJLM et al., Plos One 16, e0257234 (2021) 

C. You, RJLM et al., Appl. Phys. Rev. 7, 021404 (2020) 

M. Hong, RJLM et al., Laser & Photonics Reviews 23001117 (2023) 

C. You, RJLM et al., npj Quantum Information 9, 50 (2023) 

N. Bhusal, RJLM et al., npj Quantum Information 8, 83 (2022) 

C. You, RJLM et al., Nature Communications 12, 5161 (2021) 

Multiphoton quantum-state engineering and 

quantum simulation 



5 

Smart Quantum Statistical Imaging 

(Quantum Smart Camera) 
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Smart Quantum Statistical Imaging 

(Quantum Smart Camera) 

 

• Identification of light sources using machine learning 
     Applied Physics Reviews 7, 021404 (2020) 
  

 

 

• Observation of the modification of quantum statistics of plasmonic 

systems 
     Nature Communications 12, 5161 (2021)  
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Identification of light sources using machine learning 
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Identification of light sources using machine learning 
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Identification of light sources using machine learning 

Thermal light 
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Identification of light sources using machine learning 

Thermal light 

n0=0.1 

Photon number 

P
ro

b
a
b
ili

ty
 

Coherent Light 

n0=0.1 

Photon number 

P
ro

b
a
b
ili

ty
 

We need 1 000 000 measurements to distinguish one 

source from the other! 
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Identification of light sources using machine learning 
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We need 1 000 000 measurements to distinguish one 

source from the other! 

1 s measurement for a correct 

identification of the light sources 
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ADALINE = ADAptive LINear Element 



13 

ADALINE = ADAptive LINear Element 

~20 microseconds 

50 000 times faster!!  

Applied Physics Reviews 7, 021404 (2020) 
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Modification of photon statistics of plasmonic systems  

Indistinguishable sources: 𝑃𝑑𝑒𝑡 𝛼 =  𝑃1(𝛼 − 𝛼′)𝑃2(𝛼′)𝑑
2𝛼′   ⟹   𝑝𝑑𝑒𝑡 𝑛 =  𝑛 𝜌𝑑𝑒𝑡 𝑛 ,    𝑤𝑖𝑡ℎ   𝜌𝑑𝑒𝑡=  𝑃𝑑𝑒𝑡(𝛼) 𝛼  𝛼 𝑑

2𝛼 

Distinguishable sources: 𝑝𝑑𝑒𝑡 𝑛 =  𝑝1(𝑛 − 𝑚)𝑝2(𝑚)

𝑛

𝑚=0

 

R. J. Glauber, Phys. Rev. 131, 2766 (1963) 
 

E. C. G. Sudarshan, Phys. Rev. Lett. 10, 277 (1963) 
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Nature Communications 12, 5161 (2021)  
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Smart Quantum Statistical Imaging beyond the 

Abbe-Rayleigh Criterion 
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E. Sezgin, J. Phys.: Condens. Matter 29, 273001 (2017) 
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Smart Quantum Statistical Imaging beyond the 

Abbe-Rayleigh Criterion 
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Photon-number distribution of N coherent and M thermal indistinguishable, 

independent sources: 

npj Quantum Inf. 8, 83 (2022) 
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Photon-number distribution of N coherent and M thermal indistinguishable, 

independent sources: 

npj Quantum Inf. 8, 83 (2022) 

𝑝 𝑛 , 𝑛 , 𝑔(2)  
𝑛 𝑐 
𝑛 𝑇ℎ1 
𝑛 𝑇ℎ2 
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Experimental super-resolving imaging 
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Direct Imaging vs Smart Statistical Imaging 
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Direct Imaging vs Smart Statistical Imaging 

npj Quantum Information 8, 83 (2022) 
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Our goal: To design and implement novel  

machine-learning-enabled photonic technologies! 

MICROSCOPY 

IMAGING 
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Photonics 9, 74 (2022) 

Machine Learning: Science and Technology 3, 035006 (2022)  

ArXiv: 2307.11841 (2023) 

8 MP Camera 
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Email: roberto.leon@nucleares.unam.mx 


