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1. Light-matter beyond the Rotating Wave Approximation

2. Ultrastrongly dissipative quantum Rabi model

3. Spin squeezing generation



Cavity QED

= Quantum Rabi model
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The experimental state of the art (cavity QED)
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RWA fails - USC (Ultrastrong Coupling Regime)

H = S0* 4+ Qb'b + go®(b + bl)

» The termsotht + h.c.:

I 1" le,1,0,0
78 = s L 782
S g, T O
o Transitions [nl) & |[n+ 1 T)allowed &, e L
] 3 le,1,0,004.1€1.0.00 |5
T Nlemczyk [ ~19.0,0,7 - : le,1,0,0)
30 -25 -20 30 -25 =20
6D, (mdy) 8D, (Mmd,)

Niemczyk et al Nat. Phys. 2010

III

o The g.s. is “non trivia
(aerJr + h. c.)IO Y0

=dressed atom (o,) > —1 and field g



light-matter regimes
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light-matter regimes dissipation
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Benasque: Quantum nanophotonics

z

| ~

z
(
2
[ #
| A

Increase the coupling = reduce the field volume - reduce the Quality factor
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Cavity QED = spin-boson
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Polaron in a nutshell

Unitary transform that disentangles emitter(s) and environment (bosons)
|GS) =U,|0;0)

* Displaced resonators (interpolate between A =0 and g, = 0)
Up = exp | =00 (bl = fibe)|

* fi varational parameters:
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* Itturns out that in the polaron picture (H, = Ug H U,)

H,|0;0) = E,/0; 0)



Low-Energy dynamics in the Polaron frame

* Inthe Polaron picture, H, = U;r HU,.
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* RWA physics (Wigner-Weisskopf, Rabi Oscillations)

e TLS renormalization



Low-Energy dynamics in the Polaron frame

* Inthe Polaron picture, H, = UJr HU,.
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Spin-boson model

A TLS coupled to a bosonic environment

H = %O‘Z + Zk Wi blbk + o* Zk (gkb;g -+ h.C.)

Spectral function
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Cavity QED = spin-boson
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Qubit renormalization freq.

We 2
A, = Ae™1/? Jo'® I(w)/(w+Ar) = Only the qubit (nonlinear element) is
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Rabi oscillations

— g=0_3
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* Renormalized resonance A, = ()
»  Dynamics understood via polaron P, = (1 — P,7)PRWA(A,) + P1
* Onset of Rabi oscillations g > | v, — k| /4

DZ, Garcia-Ripoll PRA (2019)



light-matter beyond QME regime
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Outline

3. Spin squeezing generation



1 photon can simultaneously excite 2 atoms
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1 photon can simultaneously excite 2 atoms
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Generalization to N spins: Dicke model

parity breaking
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Effective model

= 3 order pert. theory (James” method)

gap @ anticrossing as N
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Effective model

= 3 order pert. theory (James” method)
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Spin squeezing

= Heisenberg:

(AT)2 (A,)? > -

= ZKJZHQ

= Squeezing def.
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= Aresource to metrology (magnetometer):
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Macroscopic spin squeezing

" |ncluding dissipation (cavity leakage + TLS dissipation)
6 = —ilH, ¢ + #D[a] + - DIJ]

= Squeezing evolves as two-axis twisting Hamiltonian
de?

(4N (@) + 7)€ 7.

. : 1 : e
= |tis optimal £ ~ " and it squeezes exponential in time
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Macri, Nori, Savasta, DZ, arxiv:1902.10377



Dicke model with hybrid systems

= Magnetic molecules coupled to superconducting circuits
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Bcavity

= Driving the cavity
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Conclussions

1. Polaron picture to describe noise (dissipation) beyond the QME approach

DZ, Garcia-Ripoll PRA (2019)

2. USC application: spin-spin interactions for e.g. optimal squeezing

generation

Macri, Nori, Savasta, DZ, arxiv:1902.10377



Thank you very much!



