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Figure 11.1 Two examples of possible designs of opticsless “smart” radiation sensors and
their corresponding schematic diagrams.

The work principle of opticsless smart sensors can be explained using a
simple special case of locating a certain number K of very distant radiation
sources by an array of N elementary sensors placed on a curved surface. Consider
a 1D model of sensor’s geometry sketched in Fig. 11.2. For an nth elementary
sensor with the cosine law spatial selectivity placed at angle ¢, with respect to

the sensor’s “optical” axis, its output signal s, , to a ray of light emanating from
the kth source under angle 0, with respect to the sensor’s “optical” axis is
proportional to the radiation intensity /, and cosine of angle 0,, between the

vector of electrical field of the ray and the normal to the elementary sensor
surface. Additionally, this signal contains a random component v, that describes

the subsensor’s immanent noise as

,=4,cosf,, +v, =4,sin(e, +0,)+v, , (11.1)
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A spatially dependent intensity profile I(r) can therefore create a trapping po-
tential for neutral atoms.

For a two-level atom a more useful form of the dipole potential may be de-
rived within the rotating wave approximation, which is a reasonable approximation
provided that the detuning A = wy, — wq of the laser field w, from an atomic tran-
sition frequency wy is small compared to the transitions frequency itself, A < wy.
Here, one obtains!?
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Vdip(r) =
with " being the decay rate of the excited state. Here, a red- detuned laser beam
(wr < wp) leads to an attractive dipole potential and a blue-detuned laser beam
(wy, > wy) leads to a repulsive dipole potential. By simply focusing a Gaussian
laser beam, this can be used to attract or repel atoms from an intensity maximum
in space (see Fig. 27.1).

Figure 27.1 (a) Gaussian laser beam together with corresponding trapping potential for
a red-detuned laser beam. (b) A red- detuned laser beams leads to an attractive dipole
potential, whereas a blue detuned laser beam leads to a repulsive potential (c).

For such a focused gaussian laser beam, the intensity profile I(r, z) is given by

2P
6—27"2 /w2 (2)

I(r,z) = , (27.4)
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where w(z2) = wo(1 + 22/2%) is the 1/e? radius, depending on the 2 coordinate,
zr = mw?/\ is the Rayleigh length and P is the total power of the laser beam.?”
Around the intensity maximum a potential depth minimum occurs for a red-detuned
laser beam, leading to an approximately harmonic potential of the form

Vaip(r, 2) = =V l1 —2 (wi())Q - (iﬂ : (27.5)

This harmonic confinement is characterized by radial w, and axial wg, trap-
ping frequencies w, = (4Vp/mw)'/? and w, = (2Vy/mz%).





