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Quantum concept

▸ Max Planck: light emission by hot matter
▸ Recognition of the granular character of light
▸ Concept of photons as particles
▸ Energy of a photon : E = h̵ω
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Focus: Emission of bunches of photons ( in a single event )

▸ Model of the experiment
▸ Performing the experiment
▸ Amplitude of photon emission
▸ K-granularity?
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Light-matter coupling

Figure: Excited atom in a box

For matter light coupling:

αQED =
1
2

Z0
RK
= 1

137

RK = h
e2 , Z0 =

√
µ0
ε0

▸ ’α’ is nature given

Slide 5/22 Pro Seminar: Advances in Solid State Physics 10.01.2023



Analogy to the experiment :

α = π ZR
RQ

ZR =
√

L
C
, RQ = h

(2e)2

▸ ’α’ can be engineered
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Josephson Junction

Figure: A Josephson’s Junction, where Φ represents the phase

I(t) = Icsin(ΦR −ΦL)
∂Φ

∂t
= 2eV(t)

h̵
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Voltage-biased Josephson Junction

Figure: Voltage-biased SIS Junction

For: 2eVk = k ⋅ hνR
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Hamiltonian

Figure: Schematic of the voltage biased Josephson Junction
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Hamiltonian: Rotating Wave Approximation (RWA)

2eVk = k ⋅ hνR + δ/2π κ = 2πνR
Q

▸ Amplitude of production of photon favored by high α

▸ Lindblad master equation simulation and Quantum
regression theorem for photon statistics.
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Fabrication

Figure: Optical micrograph of the sample
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Experimental Setup

Figure: Schematic of the experimental setup
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Emission spectrum

Slide 13/22 Pro Seminar: Advances in Solid State Physics 10.01.2023



Multiphoton emission spectra and emitted power

Figure: Multiphoton emission spectra and emitted power for k = 1-6
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Photons Rate: Results of simulations

Purcell relaxation rate:
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Granularity of Photon Emission

Fano Factor:

F−2e = Var(N)
N

Fph = Var(kN)
kN

= k ⋅ F−2e
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Figure: g2 functions as a function of time
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K-photon bunching

Figure: Granularity of photon emission vs EJ
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Summary

▸ A simple dc-biased JJ

▸ Photon rates

▸ k-photon emission

▸ k-granularity

Slide 19/22 Pro Seminar: Advances in Solid State Physics 10.01.2023



Thank you for your attention ,
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