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Purcell factor at a given temperature
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Abstract: We demonstrate lasing in optically pumped thresholdless coaxial nanolasers and show its unigue properties. We demonstrate room temperature optically pumped metallo nanolasers, as well as77K-160K laser emission from electrically pumped
versions. We also explore fundamental capabilities of nanolasers through the evaluation of the Purcell effect and temperature dependent spontaneous emission factor, as well as experimental and theoretical evaluations of second order coherence (G2).

Purcell factor and Spontaneous Emission factor at transparency 13-4

Spontaneous emission factor at a given temperature

~ Rg:"¢, rate of SE into lasing mode

R rate of SE into other cavity modes

rate of SE into freespace continuum

F (lasing)

’B ma F (lasing)

> [3
DY

Temperature dependence

N\

Mode frequency Inhomogeneous Broadening

i |

relo (D)@, (DT,
- R
n’ LV IR0

£))

21 A

rn;T)]a’a)a’co21

21’

|-=-dn/dT <0

Summary: Emitter-field-reservoir model in the quantum
theory of damping is used In the evaluation

* Reservoir (environment) being cavity boundary corresponds

to the transparent medium condition, when gain medium is
neither absorptive nor amplifying

* The aggregate of other emitters in the gain medium are not

Included 1n the reservolir

Challenge: To evaluate Purcell factor at all pump levels, an
open (dissipative) system needs to be constructed

Photon statistics in nanolasers
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Result: Reducing total cavity radius by 25nm,
the dominant mode of Cavity 2 is blue-shifted

Resonant Wavelength versus Temperature
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Goal: measure g2(t) — the intensity L)
correlation of nanolaser emission (or fourth-
order moment of the emitted electric field)
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Challenge: photo-detector timing
resolution >> coherence time of nanolaser
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resulting in 3>0.5 for all T.

Spontaneouse Emission Factor versus Temperature

| Cavity 2

Cawty 1

150 200 250 300 350 400
Temperature (K)

» Geiger-mode APD Timing Jitter: T, ~100—300ps
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« Averaging effect renders g#(0) for PL and lasing indistinguishable <9(2) (7)>
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Proposed Solution: spectrally filter nanolaser emission with a Fabry-Perot interferometer + Hanbury Brown Twiss




