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suantum| Tailoring spin systems in a shaken Dicke model

The Dicke model, describing the coupling of spins and bosons, gives rise to an effective long-range Ising model. In past years, this relation has been exploited for using trapped ions as quantum
simulators of spin models [1-4]. Here we suggest to gain additional control by applying a periodically driven potential to the Dicke model. Such 'shaking' can be used to enhance or suppress

interactions between selected spins, or even to render spin-spin interactions complex-valued. The latter case allows for mimicking the presence of artificial magnetic fluxes, which can give rise to
phenomena known from topological insulators, such as fractal energy spectra or end states located between bulk energy bands [5].

FROM DICKE TO ISING: FLOQUET ENGINEERING:

In second order Magnus expansion, a Dicke-type spin-phonon coupling, Floauet theorem:
as realized in trapped ion systems, gives rise to long-range Ising model: . ' Interaction picture: Example: XX model with shaken field

\/

Validity of spin model description requires sufficiently large detuning: Then, the average over one period provides an
For small €, this leads to an estimate for the Floguet Hamiltonian:

effective Floguet Hamiltonian:
Neglecting higher-order terms, we can add a transverse field term:

SHAKING: ERROR ESTIMATES:

Problem: H(t) involves two time scales.
Apply periodic driving on magnetic field strength B (t) : If shaking is too slow/weak:
— effective spin Hamiltonian not the desired one
----- If shaking is too fast/strong:
— phonon effects invalidate effective spin model

Shaking period T shall be a multiple of a time unit A
Shaking strength shall be a multiple of u =mr/A

Then, only intervals with B,.=Bj contribute to the interaction

To estimate weak shaking errors we calculate the Floquet spin
Hamiltonian exactly (shaking is just a series of quenches).

Assuming an XX model, deviation between exact and desired >
Floquet Hamiltonian are plotted on the left: errors < 10% for
------- strengths >20J

between ion i and ion j & adjust interaction strength!
The time T, at which the detuning of two ions vanishes

determines the phase of the interactions:

. . e Comparison Ising vs. XX:
Main requirements for high fidelity:
Separation of time scales: Effective interactions (ideally): Discrepancies are apparent only

J) should be fast compared to noise (~ 1 kHz) on fast (non-stroboscopic) time
scales.

Is this feasible? Realistic parameters:

SPIN CHAIN WITH FLUXES: COMPUTER SIMULATION OF DYNAMICS:

Assume XX spin chain with nearest- and next-nearest-neighbor interactions. Initial state: One spin up, other spins down = Spin evolution
It can be mapped onto a triangular ladder: maps onto the dynamics of a free particle.

‘ Artificial flux breaks time-reversal symmetry, directly seen in
the dynamics.

Triangle with 1t/2 flux: chiral spin currents (panels a,b).

Use a shaking protocol Triangle without flux (or mt-flux): spin currents in both

which creates fluxes directions (panel d).

through the rungs, and adds Triangle with other values for flux: chiral currents, but longer
phases on the NNN links: revival periods (panel c)

This model features phenomena known from topological quantum systems. Observation: In the presence of a flux, the dynamics in the
In the presence of a single spin flip, it is related to the Hofstadter model Dicke model (solid lines) agrees much better with the Ising
(hopping of a free particle in magnetic field). For many spin flips, the model model dynamics (dashed lines) than in the absence of flux.

describes bosonic particles with hard-core interactions.

- Topological protection?
FRACTAL ENERGY SPECTRA of a single spin flip:

N=30 spins N=50 N=100

EDGE STATES and CHERN NUMBERS:

Energy bands in system with
periodic boundary are gapped.
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