Feedback control of an interacting Bose-Einstein condensate
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Recently there has been interest in utilising Bose-

T | estmte densiy of B2 Einstein condensates (BEC) and atom lasers for preci-

sion metrology [1, 2]. However, research has demon-

" signal —— strated that the transverse and longitudinal spatial

cusnm nose) tappngpotental | mndes of a BEC exhibit complicated multimode be-

Homodyne haviour [3], thereby reducing the precision of atom

detection interferometric measurements. In [4] we theoreti-

cally showed that the feedback control scheme shown

Trapped BEC in Fig. 1 could be used to generate a stable spa-

tial mode for a BEC possessing negligible inter-

Magnetic atomic interactions. However, many BEC experi-
field . .

Off-resonant coherent field ments work with condensates that have strong in-

Figure 1: Control setup used to reduce teratomic interactions. —Furthermore, it is likely that
multimode density fluctuations ina BEC ~ honlinear interactions are necessary for the stabil-

ity of continuously pumped atom lasers [5]. Re-
cently in [6] we further developed the theory presented in [4] to show that feedback con-
trol can be used to generate a stable spatial mode for a BEC with a large nonlinearity.
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In particular, our model solves
3 =0.08 the problem of inadequacy of
Br B =0.04 the mean-field (coherent state)
approximation by utilising a
fixed number state approxi-
mation. Numerical analysis

: . shows that for optimal val-
0f, ", ues of the feedback control,
s, Tt . . the average steady-state en-
spo e e . . . ergy (relative to the ground-
‘ ‘ ‘ ‘ ‘ ‘ state energy) decreases with
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Interaction strength, « strength (see Fig. 2). Thus

Figure 2: Plot showing how the average steady-state energy com- the gontrol scheme is more
pares to the ground state energy as a function of the interaction ff€ctive for a strongly in-
strength u for (blue dot) 3 = 0.04 and (maroon square) 3 = 0.08. teracting BEC, which is the
£ is the physical parameter that is related to the strength of the mea- case in most BEC laborato-
surement. It is proportional to the intensity of the laser and inversely ries.

proportional to the square of the detuning.
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