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Multimode Floquet expansion
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To find the time-evolution operator, we build a unitary 
transformation that takes the Hamiltonian to a time-
independent and diagonal form, i.e.:

The harmonic dependence of the driving let us to find 
this unitary transformation using the Fourier 
decomposition:
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Multimode Floquet expansion
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Finally, we can obtain the time-evolution operator in 
the original static basis using:

openMMF: A  FORTRAN/C++ library for multimode 
driven quantum systems

https://github.com/gsinuco/MultimodeFloquet
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We study the response of 87Rb dressed by a strong radio frequency field 
and driven by a weak microwave field. 
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We study the response of 87Rb dressed by a strong radio frequency field 
and driven by a weak microwave field. 

Initially, an ultracold atomic ensemble is prepared in the RF-dressed state 
|1,-1>. Afterwards, a short MW pulse is applied and we measure the 
fraction of atoms transferred to the upper hyperfine manifold. This 
procedure is repeated scanning the MW frequency and we compare 
numerical against experimental data.    arXiv:1904.12073

ωMW=ωHyperfine+nωRF+mΩRF , Rabi
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L. Sárkány, P. Weiss, H. Hattermann, and J. Fortágh, PRA 90, 053416 (2014).  (MW dressing)
                                  G. A. Kazakov and T. Schumm, PRA 91, 023404 (2015).  (RF dressing)
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Driving 87Rb with two RF fields:
Protected microwave qdits
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Can we reduce the sensitivity of more than one transition?

Driving 87Rb with two RF fields:
Protected microwave qdits

Driving 87Rb with two RF fields:
Protected microwave qdits

                                      but...
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Off-resonant energy shift of the F=1 manifold

Off-resonant energy shift of the F=2 manifold

Non-Linear Zeeman Shift
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Fractional fluctuations of the transition frequency from the state |1,-1> to the 
F=2 manifold, assuming DC and RF fields with noise of amplitude  0.1mG.

m-2  -1  0  1  2

E

F=2

F=1

G. A. Sinuco-Leon, H. Mas, et al. Coherent manipulation of quantum systems with ...

Driving 87Rb with two RF fields:
Protected microwave qdits

Driving 87Rb with two RF fields:
Protected microwave qdits

Can we reduce the sensitivity of more than one transition?



G. A. Sinuco-Leon, H. Mas, et al. Coherent manipulation of quantum systems with ...

MW +RF dressed adiabatic landscapesMW +RF dressed adiabatic landscapes



G. A. Sinuco-Leon, H. Mas, et al. Coherent manipulation of quantum systems with ...

MW +RF dressed adiabatic landscapesMW +RF dressed adiabatic landscapes



G. A. Sinuco-Leon, H. Mas, et al. Coherent manipulation of quantum systems with ...

MW +RF dressed adiabatic landscapesMW +RF dressed adiabatic landscapes



G. A. Sinuco-Leon, H. Mas, et al. Coherent manipulation of quantum systems with ...

MW +RF dressed adiabatic landscapesMW +RF dressed adiabatic landscapes



Time evolution: Bare basis

Multimode expansion of the time evolution Microwave spectrum of RF dressed 87Rb

Bichromatic RF dressing to define qudits RF+MW dressed adiabatic landscapes
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Multimode dressed states

Typical time sequence to prepare and probe dressed states. The dressing modes 
are adiabatically switched on and kept constant during the probing period.

G.A. Sinuco-Leon
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