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Summary y 

Inn atom optics, atomic matter wave are manipulated using, e.g., mirrors or lenses, in 
analogyy to light optics. Of particular interest are evanescent-wave (EW) mirrors for 
atoms.. This is because of the short characteristic length, of the order of the optical 
wavelength,, at which a reflecting optical potential can be realised by an EW. This 
thesiss is about our studies of photon scattering by cold (10 //K) rubidium atoms 
thatt bounce vertically on an EW mirror. Depending on the mirror configuration, 
wee observed elastically and inelastically bouncing atoms. In the elastic case photon 
scatteringg leads to radiation pressure. The inelastic mirror is a consequence of 
opticall  hyperfine pumping of the atoms. It has no counterpart in light optics. 

Understandingg of scattering is important for our envisaged application of the 
inelasticc mirror to load a low-dimensional optical dipole trap. The concept is to 
opticallyy pump bouncing atoms with high spatial selectivity close to the turning 
pointt on the mirror. A spontaneous Raman transition transfers atoms into the 
trap.. Dissipation allows the phase-space density to increase, possibly leading to 
aa low-dimensional quantum degenerate gas by purely optical means. Ultimately a 
continuouslyy operating "atom laser" might be realised, as a bright source of coherent 
matterr waves. Being an open system out of thermal equilibrium, it would be in close 
analogyy to an optical laser. 

Inn chapter 2, previous work on EW trap loading schemes with metastable noble 
gass atoms is extended to alkali atoms and, specifically, to 87Rb. Heating of atoms 
byy scattered photons is a severe loss mechanism in optical traps. The proposed low-
dimensionall  trap allows spontaneously emitted photons to escape into a large solid 
anglee without being reabsorbed. Due to the relatively small ground state hyperfine 
splittingg of the alkali atoms, addressing of these states separately with bouncing and 
trappingg potentials is difficult . As a solution the use of "dark states" is proposed. It 
iss shown that the light scattering rate can be reduced by several orders, to < 20 s_1 

perr atom. This requires the use of a circularly-polarised EW. It is discussed how to 
realisee such a field using either a single beam or multiple beams. In the latter case, 
thee EW may provide both a bouncing and a trapping potential, which aligns the 
atomss in parallel horizontal lines close to the surface. 

Experimentss were performed using a magneto-optical trap (MOT) with molasses 
coolingg as a source of ^ 107 cold atoms. The MOT is operated in an ultra-high vac-
uumm {UHV ) rubidium vapour cell. Optical access was achieved using a rectangular 
glasss cuvette. The various laser frequencies were provided by a system of stabilised 
diodee lasers, if necessary amplified by injection-locked diode lasers or travelling-
wavee tapered semiconductor amplifiers (TA). An overview of the setup is given in 
chapterr 3, including a detailed description of our UHV sealing techniques for glass 
cuvettess using either knife-edged metal gaskets or an epoxy resin. 
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Chapterr 4 is dedicated to the characterisation of our TA systems, which provide 
1500 - 200 mW power after single-mode optical fibres, with fibre coupling efficiencies 
upp to 59 %. The relevance of broad spectral background due to amplified sponta-
neouss emission (ASE) for the application with far-off resonance dipole potentials is 
discussed.. Related to the rubidium optical transition linewidth of r/2TT = 6 MHz, 
wee observed an ASE suppression of better than —82 dB. 

Inn chapter 5, the efficiency of the EW mirror is investigated using a time-of-flight 
detectionn of bouncing atoms. Atom clouds were released from the MOT, 6 mm 
abovee the mirror. We observed bouncing fractions up to 9%. These fractions result 
fromm the relation between the effective mirror surface and the ballistic expansion 
off  falling atom clouds. At a temperature of 10 fjK, the rms width of the cloud 
wass approximately 1 mm at the mirror, twice as large as in the MOT. The limited 
effectivee mirror surface was due to the transverse Gaussian intensity profile of the 
EWW laser beam. The bouncing fraction was investigated as a function of laser power, 
detuningg and polarisation. Also the temperature of the released cloud was varied 
betweenn 6 - 20 jiK. The measurements clearly show the significance of the Van der 
Waalss atom-surface interaction that reduces the effective mirror surface. 

Inn chapter 6, radiation pressure is studied, which is exerted on bouncing atoms. 
Ann EW does not propagate away from the surface. It propagates, however, along 
thee surface. Therefore the radiation pressure is directed parallel to the surface. 
Usingg fluorescence imaging with a camera, we studied this radiation pressure in 
termss of the horizontal velocity change of bouncing atoms. We observed 2 — 31 
photonn recoils per bounce, and found the radiation pressure to be independent of 
thee EW power, as expected from the exponential shape of the mirror potential. A 
simplifyingg two-level atom calculation for the number of scattered photons reveals 
ann inverse proportionality to both laser detuning and EW decay parameter. This 
iss in agreement with our observations. However, for steep EW potentials, in which 
atomss bounce very quickly within w 1 jus and scatter only few photons, we observe 
ann excess scattering of approximately 3 recoils. We assume that this is due to 
diffuselyy scattered light by the roughness of the prism surface. 

Bouncingg occurred elastically when the EW was tuned to a "closed" optical tran-
sition.. Despite of scattering photons, atoms then follow a single optical potential. 
Inn chapter 7, inelastic bouncing is investigated using an "open" transition, such that 
opticall  hyperfine pumping by the EW could transfer atoms into the different hyper-
finee ground state. The optical potential in this final state is lower. Bouncing atoms 
dissipatee a; 90 % of their potential energy on the mirror. Using absorption imaging, 
wee directly observed the density distribution of inelastically bouncing atom clouds. 
Thee high spatial selectivity of the pumping mechanism is revealed by a pronounced 
peakk density for atoms that dissipate the maximum possible amount of energy. A 
broadd (non-thermal) tail of faster atoms represents atoms being pumped further 
awayy from the turning point. By adjusting the laser detuning, we observed the 
inelasticityy ranging between 81 - 92 %. This type of a single inelastic bounce can 
bee interpreted as the fundamental step of a "Sisyphus" reflection cooling technique. 
Duee to the relatively large fall height (6 mm) a single reflection leads, however, to 
heating.. Multipl e reflections would be necessary to achieve a net cooling. 


