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Rydberg gases provide a versatile platform for studies of quantum few-body and many-body 

phenomena with applications ranging from quantum information processing to simulations of complex 

condensed matter systems. Of particular interest is the so-called facilitation mechanism (or anti-

blockade), where the excitation of an atom to a Rydberg state is strongly enhanced in the vicinity of an 

already excited atom. This effect is of broad relevance and exploited in the design of quantum gates as 

well as in protocols for dissipative quantum state preparation. In the many-body context it effectuates 

an aggregation mechanism, where an initial Rydberg excitation seed triggers a dynamical growth of 

excitation clusters and it enables the implementation of kinetic constraints thereby connecting to the 

physics of glass-forming substances. 

 

In this talk we will discuss the dynamics of Rydberg excitations in 

an optical tweezer array under facilitation conditions. Due to the 

finite temperature the atomic positions are randomly spread, an 

effect that leads to quenched correlated disorder in the interatomic interaction strengths. This 

drastically affects the facilitation dynamics as we demonstrate experimentally on the elementary 

example of two atoms. To shed light on the role of disorder in a many-body setting we show that here 

the dynamics is governed by an Anderson-Fock model, i.e. an Anderson model formulated on a lattice 

with sites corresponding to many-body Fock states. We first consider a one-dimensional atom chain in a 

limit which is described by a one-dimensional Anderson-Fock model with disorder on every other site, 

featuring both localized and delocalized states. We then illustrate the effect of disorder experimentally 

in a situation in which the system maps on a two-dimensional Anderson-Fock model on a trimmed 

square lattice. We observe a clear suppression of excitation propagation which we ascribe to the 

localization of the many-body wavefunctions in Hilbert space. 
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Facilitation dynamics of two atoms. (a) 

The harmonic traps are disposed in a line 

along x3 with average separation r0 and 

widths i.  (b,c) Level structure for the 

two-atom case for the resonant =0 and 

facilitated ( = -VNN) conditions 

respectively. The experimental data for 

the time evolution of the excitation 

probabilities 𝑃↑↓ and 𝑃↓↑ are shown as 

full circles in panels (d,e). The data are 

averaged over at least 100 realizations 

of the disorder. The solid lines show 

numerical solutions of the dynamics 

obtained averaging over 30 realizations 

of the disorder. 


