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Спектр плазмонных мод в сферической наночастице:
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Теория



Теория
• there is no well defined small or 
large interaction parameter 

•there is high level of dissipation
•there are large quantum 
fluctuations



Про диссипацию…
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Все константы в Гамильтониане 
--- одного порядка 

Диссипативные константы 
такие же или еще больше

Все плохо…



For this system 12 14 110 10b sγ −− . Due to strong field localization in the plasmonic mode the 
Rabi interaction constant may become comparable with the damping in the plasmonic mode 
[36]. 12 13 110 10R s−Ω − . We should note that in this experiment many TLS have been 
correlated with plasmonic bosonic mode and in our model — only one. The other difference is 
the external drive: in the experiment the system was driven by 5ns pulses while we consider 
coherent drive. We do not see however any problem with the realisation of coherent drive by 
an external laser and the use of a single quantum dot. The realistic amplitude of the laser field 
is 3 410 10 /V m− . For realistic semiconductor quantum dots typical relaxation rate is 

9 11 110 10a sγ −−  [8].  

10 100 /V m−

Для накачки берем источник
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Time unit t0=10-14 c





Излучение:
Параметр Манделя Q –
мера квантовых флуктуаций

2 2 (2)ˆ ˆ ˆ ˆ= ( ) / 1 = ( (0) 1)Q N N N N g〈 〉 − 〈 〉 〈 〉 − 〈 〉 −
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Бозонная матрица плотности

Wigner function where x and y are Re and Im part of the coherent state



Спектральная линия
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Спектральная линия







Lasing criteria

• ) transition to lasing should be accompanied by 
nonlinear dependence of the boson number 
on external drive, 

• 2) emission linewidth should strongly decrease 
in the lasing regime and 

• 3) the second order coherence function 
g (2) (0) should tend to one which indicates the 
coherent output.



Как это считать?
• Кусочно-детерминистический квантовый 

процесс
• Piecewise deterministic processes 













Изменение волновой функции:

Вероятность скачка:



Вычисление 
временных 
корреляторов 
 удвоение 
пространства



Вычисление спектральной линии

128 процессоров (mpi-нитей)
--- 6-12 часов счета 

одного спектра 



E. S. Andrianov, N. M. Chtchelkatchev, 
and A. A. Pukhov, "Noisy 
metamolecule: strong narrowing of 
fluorescence line," Opt. Lett.40, 3536-
3539 (2015)



Выводы:

•To conclude, we describe the behavior of 
metamolcule driven by the external field. 

• It is shown that fluorescence at dissipation 
larger than driving is accompanied by 
narrowing of the spectral line by the order 
of magnitude and splitting of the Wigner 
function of the emitted light. 

•This effect may find applications in 
quantum systems where strong noise due 
to high losses is unavoidable problem like 
in plasmonics.
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