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|n, ⌫i, |ñ, ci = D†|n, ci

D = exp[(�/!b)�
†�(b† � b)]

!̃� = !� � �2/!b

⌦ ⇠ !b

� ⇠ !b



Super-Rabi Oscillations  

⌦(2)
e↵ = �

p
2c+c��

2...⌦(2)
e↵ =

p
2⌦�2

(2⌦2 � �2 + 2!2
b )

⌦(2)
e↵ =

⌦�2

p
2!2

b

e��/2!b



Different from the JC regime 

H = !bb
†b+ !��

+� + ��+�(b† + b) + ⌦(ei!Lt� + h.c.)

H = !bb
†b+ !��

+� + g(b†� + b�+) + ⌦(ei!Lt� + h.c.)

|0,�i

|2,+i



Super Rabi Oscillation   

Proper Dissipation Channel   

N-phonon bundle emission  



Outline 
1) Background-bundle emission 

2) Anti-Stokes resonance induced Super Rabi oscillation 

4) Conclusions 

3) N-phonon bundle emission with high purity 



Dissipation dynamics with master equation  

L[O] = (2O⇢O† � ⇢O†O �O†O⇢)/2

Cavity decay rate: 

QD decay rate: 



�

⌧in ⇠ 1/ ⌧
ex

⇠ 1/�  � �

d⇢

dt
= �i[H, ⇢] + L[b] + �L[�]



Dissipation dynamics with master equation  

L[O] = (2O⇢O† � ⇢O†O �O†O⇢)/2

Cavity decay rate: 

QD decay rate: 



�

⌧in ⇠ 1/ ⌧
ex

⇠ 1/�  � �

g(n) =
hb†nbni
hb†bin

Phonons correlation functions  

Bundle correlation functions  

d⇢

dt
= �i[H, ⇢] + L[b] + �L[�]

g(n)N (t1, ..., tn) =
hT�{⇧n

i=1b
†N (ti)}T+{⇧n

i=1b
N (ti)}i

⇧n
i=1hb†NbN i(ti)



Strong bunching at n-phonon associated anti-Stokes resonances  

(a) (b) (c) � = �n!b � = �n(�) � = �n(⌦)

Bundles of strongly correlated phonons  

g(n) =
hb†nbni
hb†bin



Strong bunching at n-phonon associated anti-Stokes resonances  

(a) (b) (c) 

is robust to 
varying system 
parameters  

� = �n!b � = �n(�) � = �n(⌦)

g(n) =
hb†nbni
hb†bin

Bundles of strongly correlated phonons  



Statistic characteristics of emitted n-phonon bundles 

/!b = 0.001 /!b = 0.01

/!b = 0.001 /!b = 0.01

Valid regime: ⌧ > 1/



Statistic characteristics of emitted n-phonon bundles 

/!b = 0.001 /!b = 0.01

/!b = 0.001 /!b = 0.01

Valid regime: ⌧ > 1/

Bunching Antibunching Uncorrelated  
� �



Statistic characteristics of emitted n-phonon bundles 

/!b = 0.001 /!b = 0.01

/!b = 0.001 /!b = 0.01

Valid regime: ⌧ > 1/

Bunching Antibunching Uncorrelated  
� �

Two-phonon laser 
g(2)(⌧) ⇡ 1, g(3)(⌧1, ⌧2) ⇡ 1



N-phonon bundle emission- dynamics trajectories 

P0c/⌫

P1c/⌫

P2c/⌫

P0c/⌫

P1c/⌫

P2c/⌫

Monte Carlo simulations 



Cascade emission of Fock states in a short time window  
 

c1|0, ⌫i+ c2|n, ci

> 30%

< 0.1%



Cascade emission of Fock states in a short time window  
 

c1|0, ⌫i+ c2|n, ci
Phonon 

|nii (0  ni  n)

> 30%

< 0.1%



Cascade emission of Fock states in a short time window  
 

c1|0, ⌫i+ c2|n, ci
Phonon 

|nii (0  ni  n)
Phonon 

|0, ci

> 30%

< 0.1%



Cascade emission of Fock states in a short time window  
 

c1|0, ⌫i+ c2|n, ci
Phonon 

|nii (0  ni  n)
Phonon 

|0, ci
Photon 

|0, ⌫i

> 30%

< 0.1%



Single cascade-emission process of two-phonon 
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The purity is less robust for larger n 
⇧4 > 95%, ⇧5 > 80% with feasible experimental parameter 
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The mechanism deciding high purity for large n  

Electron-phonon coupling  
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n and (n+1)-phonon resonances are 
almost independent of n 
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Mixed phonon-photon emission  
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Conclusions 

Ø We introduced the basic knowledge of n-photon 
bundle emission. 

Ø We proposed n-phonon bundle emission via anti-
Stokes process. 

Ø We discussed the purity of n-phonon bundle 
emission and the corresponding applications. 






