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— limited understanding of the atom-dimer interactions and dimer-dimer
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at T' = 0: s-wave interactions described by a scattering length a
— determination of the atom-dimer scattering length a.q

first theoretical predictions for |a| — +oo
fermions: determination of a,q and agq

bosons: Efimov physics

our initial system:
— uniform planar ultracold gas of rubidium 87

interaction between a dimer and an
atomic bath in a mean field framework




1. Preparation of a uniform planar bath of ultracold atoms

2. Creation of dimers from a cold atomic bath

3. Precise measurement of the atom-dimer scattering length
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Preparation of a uniform planar bath of ultracold atoms

the physical system:

— contact interactions described by an
atom-atom scattering length a
— interaction energy:

— planar ultracold Bose gas, rubidium
87

— homogeneous gases
2
FEing o< ang

— description of the atom-dimer interaction as Egimer,bath X @ad

the experiment:
— preparation of a 3D BEC
— loading in a single node of an optical lattice
— tunable hard-wall box potential (DMD)

— uniform density
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Least-bound state

in real life — hyperfine structure, singlet-triplet coupling, Zeeman diagram: simple model
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in real life — hyperfine structure, singlet-triplet coupling, Zeeman diagram: simple model
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Mean field interpretation

atom-dimer line shift

Av/ns = hv — hyg = —7.3(3) Hz/pm —2

IEdimer,bath

hv

_ Topa

homogeneous planar gas

— gives anq

photoassociation resonance:

— hig
- 2:“'a
2mh?
—  Edimer,bath = v aad/PafddZ
r

pa: atomic density profile, fpa dz = na
fa: dimer distribution function, [ fqdz =1

— Edimer,bath determined by the vertical overlap of the atoms and dimer distributions

— experimental determination of an atom-dimer scattering length

(aa = 184(2) ao

see also R. Wynar et al. Science, 287 (2000) error bar ~ signal
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Determination of atom-dimer scattering lengths

— linear shifts

Interatomic distance

same dimer, different atomic bath | different dimer, same atomic bath
M;i: aaa = 184(2) ag Ma: aaa = 21(7) ao

Mi,:  @aq = 165(7) ag

— similar a,q — large difference of a,q

a 4> ayg ?

van der Waal universality ?

P. M. A. Mestrom PRA (2017)
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Conclusion
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— first quantitative measurement of the | —400 - .
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are these results species dependent? — new calculations for 37Rb

is there universality for the least bound states? Cg — a — aaq



Thank you!
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Photoassociation
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Line width and scaling
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Atomic losses
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Least vibrational state spectroscopy
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simple model for a weakly bound state
Ast < Apgs:
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Density dependence of the atom-dimer lines

Interatomic distance
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