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Designing spin-spin interactions within the ultrastrong light- matter 
coupling  
 
 
Photon mediated spin-spin interactions is a standard and interesting 
way of engineering spin models that can be used to design quantum 
simulators, to perform quantum gates or to generate spin squeezed 
states. Photons can live on a cavity and the underlying light-matter 
model is given by the Dicke Hamiltonian. They also can form a 
continuum. In this case they are described via spin(s)-boson like 
models. If the light-matter coupling is sufficiently big (as compared to 
the bare frequencies of the spins) these spins-bosons mixtures enter 
in a nonperturbative regime. Novel transitions, non-trivial ground state 
or renormalization of the spin parameters are the most important 
effects occurring in this nonperturbative regime. As a consequence, 
these phenomena determine the effective spin-spin models that can 
be obtained.  
  
In this talk, I discuss two effective spin-spin models obtained in this 
ultrastrong coupling regime. In a first example, I consider an 
ensemble of N spins coupled to a single mode cavity. I show that both 
the ultrastrong and an explicit parity symmetry breaking (via an 
external bias) allows to engineer two-axis twisting interactions 
generating spin squeezing that scales in an optimal way (∼1/N).  
Then, I consider spins ultrastrongly coupled to a finite-band set of 
photons.  In the ground state of the model, the spins interact via virtual 
photons. This interaction is of the Ising type, it decays exponentially 
with the spin- spin distance and it is ferromagnetic. Finally, the 
photonic edge causes the appearance of spin-boson bound states: 
localized excitations in the vicinity of the spins. I show that, mediated 
by these bound states, effective tight-binding effective Hamiltonians 
can be built and transport like properties as perfect state transfer 
between distant spins are explained. 
 
 
 
 
 
 
 


