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ing towards the incident laser beam 
direction find the light Doppler shifted 
up in frequency and undergo scatter
ing, with a cross section approaching 
the resonance absorption value. This 
results in a momentum transfer in the 
direction opposite to the atomic velo
city consequently reducing the atomic 
kinetic temperature. The atoms moving 
away from the incident laser beam 
direction seem out of resonances with 
the atomic transition and although they 
will gain momentum from the electro
magnetic field the cross section is very 
small. Hence providing the laser 
frequency is confined to the lower half 
of the Doppler linewidth the atoms can 
only lose momentum by way of the 
scattering process and never gain it. 
Hence with the reciuctior. of the 
atomic velocity the Doppler linewidth 
can be reduced, in principle, to the 
natural linewidth of the atomic 
transition. 

The pondermotive force arises from 
the polarisability of the atom in the 
high intensity electric field gradient in 
the laser beam. This force, which is 
dependent on the square of the electric 
field, will either move atoms into or 
out from regions of higher field inten
sity depending on whether the fre
quency of the radiation is less than or 
greater than the resonant frequency of 
the transition (Gordon Phys. Rev. 8, 
14; 1973). So in a single laser beam 
confined to subresonance frequencies 
the atoms will be pulled towards the 
laser beam axis and trapped, analogous 
to the trapping of positive ions by space 
charge in an electron beam. 

By combining these two effects atoms 
can be radiatively cooled and trapped 
in a high density electromagnetic field. 
The efficiency of the cooling trap will 
depend on its geometry and Ashkin 
(Phys. Rev. Lett. 40, 729; 1978) has 
proposed a configuration which pro
duces a continuous wave trap capable 
of cooling, and retaining, as many as 
10' atoms to 10-• K (equivalent to a 
single optical photon momentum). This 
proposal based in a new treatment of 
the saturation of these forces provides 
a trapping energy 100 times greater 
than that previously envisaged. 

Two converging laser beams, both in 
the TEMoo mode, are directed along 
the same axis in opposite directions. 
The 200 mW focused beams waist and 
subsequently diverge, forming the trap
ping volume in the light beam overlap 
region between the waist points. The 
centre of the trap forms a point of 
stable equilibrium. If a collimated 
beam of sodium atoms is injected into 
the trap along the axis of one laser, 
which is tuned to a frequency, /11, 50 
times the natural width below the D 
line resonance frequency /11, they will 
execute Doppler damped oscillators 
along the axis until they are cooled 
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FusuLINIDS (x 10) from the Furner Valley Limestone (from Morris, Douglas 
& Kopf, US Geological Survey Professional Paper, 1025). These complex 
marine foraminifera, some reaching up to 1 cm in length, flourished in the 
Carboniferous and Permian. The different genera are distinguished on the 

basis of the internal structure. 

and held by the pondermotive forces 
in the trap. The interference of the 
two laser beams produces a system of 
standing wave fringes within the trap 
region and these axis field gradients 
will attract (since f < /11) atoms to the 
fringe peaks and hold them there. 
Once trapped on a fringe the atoms 
continue to be cooled by Doppler 
damping down to a single photon 
momentum - 10-° K. 

If the waist diameters of the focused 
beams are 12 µm and the separation of 
the waist positions is 2 cm then the 
trap is sufficiently strong to cool sodium 
atoms from 300 K(6 X 10' cm s- ') to 
6 x 10-1 K(3 cm s-') at a trapping rate 
of IO" atoms s-1

• The overall radial 
pondermotive forces are sufficiently 
strong to trap atoms with transverse 
velocities up to 200 cm s- 1

• In order to 

remove all transverse kinetic energy by 
radiative cooling two additional pairs 
of opposing laser beams would be re
quired to form a three-dimensional 
trap. However, once atoms are trapped 
collisions between atoms should ther
malise all velocity components to 
3 cm s-•. 

These cooled atoms can be used to 
investigate atomic structure essentially 
free of Doppler effects or the inter
actions of very slowly moving atomic 
and molecular species. If atoms could 
be velocity selected before injection 
into the trap then the trap could also 
he used to study the radiative scatter
ing effects themselves. In a more 
applied application the radiation pres
sure could be used to collimate atomic 
beams by selectively cooling the 
transverse velocity component. D 
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