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ÅBEC with > 109 atoms
in onecoherentstate

ÅMay extendovermillimeters

ÅDe Broglie wavelength
determinedby massof a single
atom.

Ultra-cold, weakbindinglimit ! Molecules& clusters
headingtowards
> 106 atoms in a single
particle

Ҧ ŘŜ .ǊƻƎƭƛŜ wavelength
isdeterminedby the mass
of all atoms

Hot, strong bindinglimit !



Å Small de Broglie wavelengths            
(< picometer)

Å No coherent beam sources available

Å Low detection efficiencies

Å Dispersive interaction between 
molecules and gratings

ü Far-field experiments not feasible for 
masses >> 1000 amu!

ü Very small 1st order diffraction angle
ü Long interferometer & very slow 

particles required
ü Long passage time leads to strong 

environmental decoherence
ü Huge signal loss due to required 

spatial coherence (tight velocity 
selection & collimation)



ÁTalbot -Lau -Interferometer

ω3 Gratingsof equalperiods,                       
spacedequidistantly

ÁAdvantages:
ωPeriodscaleswith 1˂/2

ωSpatiallyincoherentillumination

ωShort (Intensity~1/r2)

ω=> Allowsinvestigationof the
characteristicsof complex
molecules



1st Grating
"Source"-
Grating

2nd Grating
"Diffraction"-

Grating

3rd Grating
"Mask"-
Grating

ω1st grating is illuminated
incoherently

ωEach slit acts as coherent source

ω2nd grating acts as diffraction-
grating

ωThe transmission function is
reproduced at integer multiples of
the Talbot length

ωIf periods match, patterns
originating from different source
slits add (incoherently)

ω3rd grating is used to scan the
molecule pattern
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Molecule -Grating
interaction :
ωMore significantfor smaller

gratingperiods

ω More significantfor larger 
molecules(higherpolarizabilities)

Á Prohibitively narrow
velocity distribution
required !

Á Not feasible for molecules
>>1000 amu !

ɲv/v = 0.3% => Visibility reduced by 50%!

C70 Fullerenes
266nm gratings

=˂ h/(m*v)



Solution:
Light Gratingemployed

ascentralgrating

ωNovan-der-Waals 
interaction

ωActsaspure phase
grating

ωVariable potential

ω100% transmission

ωCannotbeblockedor
destroyed



Solution:
Light Gratingemployed

ascentralgrating

ωNointeractionbtw. 
moleclesandgrating
surfaces

ωActsaspure phase
grating

ωVariable potential

ω100% transmission

ωCannotbeblockedor
destroyed



3rd Grating

1st Grating

Light Grating

1  Gratingst

Light Grating

3  Gratingrd


