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Laser-like amplified spontaneous emission
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Ordinary fluorescence and superradiance
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Ordinary fluorescence
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Correlation functions

Equal-position correlation function of field

K (7 t1,t2) = (A7 t1) AT (7, 12)).
Intensity

I(7,t) ~ (A7 ) A7, 1)) = K(7,t, ).

Wiener-Khinchin theorem leads to (7, w).

Equal-time correlation function of 2-level atoms
S(r1,72,t) = (p12(71,1) p21(72, )).

p12(7, t) is a density matrix element related to transition
from an excited state to ground one.




2-level Maxwell Bloch equations

Classical Maxwell equation with polarization
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Equations for population inversion and polarization
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Existing theoretical approach

Maxwell - Bloch with semi-phenomenological noise source terms
O. Larroche et al, PRA 62, 043815 (2000)
OP (z,7)
orT

= ...+ noise term —  (observables)

Incorrect description of initial stage

Different noise terms for different effects!



First principles formalism

Hamiltonian for
two-levels atoms
and quantized field
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Helsenberg
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-1D approximation
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| field elimination

Triple product factorization
Closed system for
two-point observables
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Stimulated emission

Lsp (O’(Zl,’r)pee(ZQ,T>€_%(22_Zl) +1& 2>

7

8K(Z,T1,’7'2)
0z

3Ao0

+ 64m)\2

-~

Spontaneous emission
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aS(zla 22, T)

Spontaneous emission term

atomic observables

coordinates

or
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Spontaneous emission

Spontaneous emission
term plays significant role

Correlation function
treatment

threshold

Quantum effects are negligible
S(Zl, 29, 7') = P(Zl,T)P<ZQ,T)

Use Maxwell Bloch equations
to obtain P(z,7),0(z,7),Ap(z,T),
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Spontaneous emission term
field
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Correlation function treatment
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Intensity (nm2ps)
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Exact

d

imize

Opt
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Z =820 nm

Z = 1500 nm

Numerical results

e = 0.001 Field correlation function
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Z = 2900 nm

Z = 5000 nm

e = (0.001

Exact

Numerical results

Field correlation function

Using pseudo field Ap(z,7)
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Conclusions

The formalism based on correlation functions is presented.

The optimization technique based on Maxwell Bloch equations is
proposed.

The code that runs optimized algorithm for 2-level system is written.
Also...

The code for n-level systems is written.

A lot of analytical results for 2-level and n-level systems are

obtained.
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Thank you for your attention!
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Field correlation function

A threshold

threshold

threshold

coordinates

time
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Relative contribution of spontaneous emission
for atomic observables

In case of linearized equations

spontaneous emission term TNgL's),

o(r) = right hand side of the equation ~ 417 (m)
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Step 1

coordinates

Algorithm

time
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Step 1

coordinates

Algorithm

S(Zl, zZ9, 7'0) — P(Z, 7'0)
o(z,7To)
’/

Maxwell Bloch equations

threshold

time

AP(O,T) = O
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Step 2

coordinates

Algorithm

S(Zl, zZ9, 7'0) — P(Z, 7'0)
o(z, 7o)
’/

time

Ap(O,T) =0
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Step 3

coordinates

Algorithm

o(z,T)

time
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coordinates

Algorithm

PA(Z,O) =0

o(z,T)

Maxwell Bloch equations

threshold

time

»

\

K(ZQ,Tl,TQ) — A(Zo,O)
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Algorithm

Step 4
P P4(2,0) =0 o(z7)

y

coordinates

time K(Zo,71,7'2> —)A(Zo,())
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