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Introduction

It has long been recognized that measurement can be used as a non-deterministic
means of preparing quantum states that are otherwise difficult to obtain. With discrete
projective measurements, one must typically accept a probabilistic outcome. However,
with certain continuous QND models of projective measurement, the observer can affect
the result by using feedback control. To illustrate this concept, we here present

Theory Dicke State Preparation at LongTimes Closed-Loop Dynamics

Now we wish to add feedback control to the measurement process in the hopes of preparing a given state
deterministically on every trial. In the following we assume unity efficiency (SSE) and we aim to produce

a particular desired Dicke state (m=my) for N=10. For the controller, we choose to work with Bayesian
(state-based) feedback as it naturally turns the disturbing feedback off once the desired state is prepared,
unlike Markovian (direct current) based feedback. We choose our feedback gain small enough such that
the numerical results remain valid.

The free space measurement description eventually becomes complicated as spontaneous emission causes

destruction of the quantum state. If this effect is suppressed, as it can be with a high finesse cavity, the

QND projective behavior will eventually prepare an eigenstate of the measured variable, J,. Here we analyze
the long time behavior of the related conditioning equations and demonstrate that the projective measurement
can in principle be made deterministic with feedback control.

experimental results demonstrating deterministic preparation of spin squeezed states via The 'cost function' that the control should minimize U = ((J.) —mg)?+(AaJ?)
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measurement and control. We then consider the theoretical extension of the conditioning M easu rement D namics m(m|p d
equations at long times and propose feedback controllers capable of deterministically y 2 0

preparing highly entangled multi-particle Dicke states.

It can be shown that the average evolution of the cost function is given by
i (Jodz + J2Jz) (1)
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This controller (with a gain of 10) results in the evolution shown below with myg=0. While the number of
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deterministically reduced while the mean becomes randomly e i N ﬂ QND Probe In this figure, an initially x-polarized coherent spin state (CSS) of N=10 spin-1/2 particles is evolved via the SSE. At T Cme N Cme ? (JO) O
displaced. When control is enabled, the measurement is used i small times, a conditional spin squeezed state is prepared. At long times, the state converges randomly to one of '
to modulate the y magnetic field to cancel the mean projection. the fixed points of the SSE, which are the eigenstates of J, (a.k.a. Dicke states) and can be highly entangled.
Dicke states Unentangled Dicke states (CSS) Highly entangled Dicke state Motivated by the previpus results, we now choose a feedback controller that explicitly makes the desired
Lim) = mlm) state the only fixed point of the SSE/SME: bg(t) — )\(<J2>(t) _ md)
| . ; 2imy = N/2(N/2+ 1)m) m = +N/2) =|T1T2---Tn) m =0) =CZpP(| 11 Tn/2ln/ot1 - IN)) _ _ | . | |

o = e o |[ e _ n € {N/2,..N/2} m=—N/2) = l1lo- | n) While ’FhIS controller is not explicitly de§|gned to makg the co§t function decrease on average, we

2 of { Y . ~ { F T numerically demonstrate below that this law (again with a gain of 10) seems to prepare the same

z ‘JM#MMWLWW' . } a | Dicke state (my=0) deterministically on every trial. This is shown by the exponentially decreasing average

g E Il i | of the cost function in (A). Although some fraction (about 10 percent) of the trajectories 'miss' on the first
Example trajectories with corresponding timing diagram. If a & j T‘m oy -WMWWWL - Now we consider the evolution of the moments of J, which can be extracted from the above SSE/SME. pass, they are recycled by the control back into the attractive region of the target state.

constant field were present, large scale Larmor precession
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system to suppress spontaneous emission and extend the time during which the projective behavior of the measurement Without a field, the discretization of the Dicke levels can be resolved by the sub-optimal current average estimator,
s valid. but the simplicity of the estimator comes with a slower convergence rate.
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