Collective eflects in biphoton generation of a
four-wave-mixing (FWM) process
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e Biphotons can be generated using FW M.
e Biphotons are very important for quantum
technologies:
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e The typical description for FWM in two-
level-systems (TLS) considers independent

atoms:
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But, Araujo et al., Phys. Rev. Lett. (2022)
reported evidence of collective behavior.

Collective effects, suggest the existence of in-
teractions between the scatterers:
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Identify and characterize collective effects
in FWM, considering N two-level atoms in-
teracting through coupled dipoles inter-
action.

Methodo

e Numerically solved an exact model (N < 7):

Quantum master
equation:

dtp——l[H p]+£(
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e Derived and implemented a new scheme con-

sidering the single and double excitation sub-
space equations ([N < 100):
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Ex

e We obtain stronger correlations in opposite directions as expected in FWM (for 5 particles in the
atomic cloud).
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e Subspace approximations reproduce exact calculations.
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e The method allows us to simulate systems with many atoms.

e In just a few hours the subspace approxi- e For V = 40, we find again that 9(2)(7' = 0)
mation equations and ¢®(r = 0) can be is stronger for opposite directions.
calculated.
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Considering dipole-dipole interactions in FWM in TLS we obtained results qualitatively consistent
with recent experimental measurements, but further characterizations with larger clouds are neces-
sary to fully characterize the collective effects.
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