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Methods and Main Results

• Dynamical systems methods identify laser threshold (bifurcation) depending on N, interaction and detuning • Universal transition: thermal, antibunched and lasing emission • Phase transition (incoherent-coherent emission) in the macroscopic limit

Conclusions

• We have derived a new quantum laser model that contains both coherent and incoherent variables. • Through linear stability analysis we find a critical number of QDs required for lasing to happen. • We show that there is a threshold for the so-called thresholdless laser.

• Our model predicts an antibunching regime that precedes the lasing regime even at mesoscopic emitter numbers. • We show that a second-order phase transition occurs in the thermodynamic or macroscopic limit.

System stability

Lasing (identified through Linear Stability Analysis) occurs if:

with -N; detuning, ∆; decay rates, g; light-matter coupling, g

Common condition for single and multi electron models [2]

• Red stars mark lasing bifurcation • Crosses and triangles mark threshold from the thermal to antibunching regime • The coherent variables reintroduce a lasing bifurcation (threshold) for the thresholdless laser • The bifurcation is followed by a non-zero coherent field (blue and green curves cf. Observable even for 10 4 QDs (mesoscopic laser)

Recovering the macroscopic threshold

• Comparing the single and multi electron models -the lasing bifurcation occurs at lower pump for the multi electron system • As the volume of the devices approaches the macroscopic limit (thermodynamic limit) the threshold moves from the upper branch towards the inflection point [3] • A bifurcation occurs in all cases however, it is only the curve that undergoes a second-order phase transition. • Below (above) the bifurcation the emission is fully incoherent (partially coherent).

N = 40
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