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Introduc*on	
  

“ Superradiance ” 

Enhanced emitting rate proportional to…   N2

Time-reversal symmetry in QM 

“ Superabsorption ” 

Need certain interactions between the atoms… 

Entities with a discrete 
dipole-allowed transition 

Photon sensing & 
Light-based energy transmission 
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Brief	
  review	
  of	
  superradiance	
  

Ensemble of N identical atoms 

Ĥ s =
ω A

2
(Ιi

i=1

N

∑ − σ̂ i
z ) =ω A σ̂ i

+σ̂
i
−

i=1

N

∑

σ̂ i
z = g i g − e i e

σ̂ i
+ = e i g

σ̂ i
− = g i e

In the regime of.. rij ≪ λ
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Interaction Hamiltonian between light-matter 

Ĥ L = −Êd(Ĵ+ + Ĵ− )

Dicke ladder state 
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Superabsorp*on	
  
Effective two level system(E2LS) around M=0 

J,0

J,−1

ΓabsorbΓemit ∝ N 2

Γ loss
−1 = (γΓ−1→−2κ (ωbad ))

−1
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Master	
  Equa*on	
  

Förster coupling 

!ρ = −i Ĥ s + Ĥ I ,ρ⎡⎣ ⎤⎦ − γ κ (ωβ ) (n(ωβ )+1)D[L̂β ]ρ + n(ωβ )D[L̂
†
β ]ρ( )

β∈ω
∑
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k∑
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Quantum optical master equation 
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∑ : Dipole-dipole interaction 

Lamb shift 
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For the “ring” structure 

δEM = J,M Ĥ I J,M = Ω J 2 −M 2

J − 1
2

ωM→M−1 =ω A − 4Ω
M − 1

2

N −1

κ (ω ) n(ω )
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Transi*on	
  rate	
  engineering	
  

κ (ω ) n(ω )&

Γ loss

Rely on  
Frequency selectivity 
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Energy	
  harves*ng	
  

Non-radiative channel 

E2LS 

Γ loss

Trapping 
 

exciton 
 

Trap	
  atom	
  

Collective Extraction 

ĤT = g Ĵ+σ̂ −
T + Ĵ−σ̂ +

T( )+ω trapσ̂ +
Tσ̂ −

T

Trapping Hamiltonian.. 
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From the master equation… 

Add, 
D L̂trap⎡⎣ ⎤⎦ρ

Itrap (t) = Γ trapTr J,0 J,0 ρ(t)⎡⎣ ⎤⎦

Itrap (t) = Imax ≈ Γabsorb ≈ µ N
2
+ N
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µ = γκ (ω good )n(ω good )

The rate of exciton extraction 

Γ trap ≫ ΓemitFor, 

E2LS 
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Γ ind = n(ω good )Nγ
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Reini*aliza*on	
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Thank you 


