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Coupling between light and matter 

Weak, strong and ultrastrong coupling to make the coupling strength 

comparable to the transition frequencies  

In QED there is the small value of the fine 

structure constant 
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Purcell discovered that spontaneous emission is enhanced when 

atoms are coupled to a resonant cavity. But the interaction between 

atoms and cavities can also have the opposite effect; if the coupling 

between atom and cavity is strong enough — strong coupling — then 

spontaneous emission can be suppressed. In this case, atom and 

cavity rapidly exchange quanta of energy, forming hybridized excited 

states — a molecule of matter and light.  
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A Circuit Analog for Cavity QED 
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Circuit Quantum Electrodynamics (QED) 

Typically, the wavelength of microwave photons in superconducting circuits is much 

larger than the characteristic size of the embedded elements, which makes it possible 

to use equivalent circuits of quantum circuits containing local elements for their 

description: capacitances, inductors, Josephson junctions, etc. 
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Rabi model 

Models for light–matter coupling 
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Jaynes-Cummings model: dispersive regime 
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Measurement-Induced State Transitions in a Superconducting Qubit: Within the Rotating Wave Approximation, 

Google Quantum AI, Goleta, CA , Phys. Rev. Applied 20, 054008 (2023) 
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ωr/(2π) = 4.750 GHz 

ωq/(2π) = 6.340 GHz nonlinearity η ≡ ωq − ω21 ≈ 2π × 195 MHz 

g/(2π) ≈ 130 MHz 
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Mixed coupling between a qubit and  a resonator 

An equivalent scheme of the qubit-resonator system with electro-dipole and magneto-dipole coupling. The 

system consists of a contour and a Josephson oscillator formed by one or a pair of parallel weak 

connections.  

 

(a) The interaction between the subsystems is carried out using an oscillatory circuit . 

 

(b) The plane of coupling constants (the line in this model exactly corresponds to the RWA approximation or 

the Jaynes-Cummings model). 

(a) (b) 
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Lagrangian and Hamiltonian 
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Anisotropic Rabi model properties and limiting 

Jaynes &Cummings Hamiltonian 
The JCM provides very good agreement with experiments in atom optics 

where the dipole coupling strength is many orders of magnitude smaller 

than the mode frequency 
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Symmetry and splitting of the Hilbert space 
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Quantum web 
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ge:=0.75 gm:=0.1;             ge:=1.0;     gm:=0.1;   ge:=2; gm:=0.1; 
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ge:=1.5; 
gm:=0; 

ge:=1.5; 
gm:=1; ge:=1.5;gm:=2; 

Old fence 

latches 



24 

The best-known examples of structured matrices are  Toeplitz matrices in 1911 

 O. Toeplitz, Zur Theorie der Quadratischen und Bilinearen Formen von Wendlichvielen Veranderlichen,  
 
Teil: Theorie der L-Formen, Math. Ann. 70, 351 (1911). 
Toeplitz (Tmn), Tmn = tm−n H. Hankel, in Über eine Besondere Classe der Symmetrischen Determinanten,  
edited by W. F. Kaestner (Göttingen, 1861). [11]  
Hankel matrices were introduced in 1861 [10] and [11]. 
 Hankel (Hmn), Hmn = hm+n 

Toeplitz-plus-Hankel [(T + H)mn]    (T + H)mn = tm−n + hm+n matrices, 
 whose matrix elements have the following form, , , (1) with m, n = 1,...,N and ti, hj arbitrary real or complex numbers.  

Statistical properties of 

structured random matrices 

Matrices are omnipresent structures in extremely varied branches of physics 

and mathematics, and there exist many different types of matrices tailored 

for specific problems. E.Bogomolny 
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•  The generalized scheme of the qubit-resonator system with the electro-

dipole and the magneto-dipole coupling is proposed 

 

• As an example, an anisotropic one-qubit system + photon is considered, 

which is characterized by weak chaos 

 

• Results show that the qubit-resonator system with  an anisotropic 

coupling can be used for quantum control devices 

 

 

 

 

Summary 


