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To a non-scientist, laser cooling can seem a confusing concept. After all, the popular consensus would be 
that lasers are generally used to heat things up; think of laser surgery, machining and weaponry. However, 
in the right arrangement, lasers can also be used to cool things down. An atom or molecule’s temperature is 
inextricably linked to its velocity. Hot particles move around very quickly, while very cold ones are nearly 
stationary. Touch something hot, and the heat you feel is due to the fast motion of the particles. This is 
where the basic concept behind laser cooling comes into play. To cool particles down we simply need to slow 
them down, and we can do this by only using one tool: light. 
 
Light is made up of individual pieces of energy called photons. These photons carry momentum: an extremely 
small amount of momentum, but still significant enough to matter. Say a hot atom is whizzing towards you 
at hundreds of miles an hour. You’re armed with only a laser to stop it, and aim the beam towards the atom. 
Momentum from the massive amounts of photons produced by the laser is transferred to the atom and 
slows it down. Eventually the atom comes to a stop. As its motion has been reduced, it is now “cold”. This is 
the main principle behind laser cooling. 
 
In practice cooling is more complicated than this. The laser beam needs to be close to resonance with an 
atomic transition, and photons are absorbed by exciting the atom up to a higher energy level. This excited 
level then decays back down to the original level, with the emission of a photon. This photon is ejected in a 



random direction though, and over many cycles these random emissions average themselves out in 
momentum. There is therefore a net momentum transfer against the atom, which leads to a cooling of it. 
This is known as Doppler cooling. 
 
For a collection of atoms, three sets of counter-propagating beams need to be set up to cool all of the atoms 
(as they will all be moving in random and different directions). This is the basis behind optical molasses and 
magneto-optical traps (MOTs). 
 
The advent of laser cooling first came about in the mid 1970’s, when Hansch and Schawlow came up with 
the theoretical idea to cool and trap atoms with red-detuned light [1]. This soon led to techniques both for 
slowing atomic beams [2,3] and for their cooling and trapping [4–6]. Particular milestones that should be 
noted include the first optical molasses experiment5 created by Steven Chu et al. and also the magneto-
optical trap [6] by Raab et al. 
 
Several years later a peculiar phenomenon was discovered. It was previously believed that an atom could 
not be cooled below a lower limit set by the temperature gained from the recoil from an absorbed photon-
the Doppler temperature limit. However the advent of sub-Doppler cooling [7,8] changed this perception. 
 
Moreover, in 1995 another method for further cooling atoms was developed. This was evaporative cooling 
[9], where the trap depth is lowered to allow the warmest trapped atoms to escape. With this, the prospect 
of creating a Bose-Einstein condensate (BEC) increased, and this was soon achieved by first cooling Rubidium 
in a MOT and then transferring the cold atoms to a magnetic trap. Here they were evaporatively cooled to 
form the very first BEC [10], a piece of work that culminated in the award of the 2001 Nobel prize to E. A. 
Cornell, W. Ketterle and C. E. Wieman. 
 
To this day, magneto-optical traps form the basis of many cold atom experiments. Densities of up to 1011 
atoms/cm3 are readily obtainable, and temperatures of ∼100 μK can be reached. These properties make the 
resultant cold atomic clouds ideal candidates to load into a variety of traps, where the trapping dynamics 
can be precisely studied. 
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