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Rydberg Atoms in highly excited electronic states with n=30-200 can be excited within BoseEinstein condensates (BECs), and while lifetimes are
shorter than in vacuum [1,2], they live long enough to cause a response of the BEC mean field [3]. During this, thousands of ground-state atoms are
present within the Rydberg orbit, allowing the study of atoms moving within atoms [4]. We present beyond-mean field models of the joint
Rydberg-BEC dynamics, showing how either
can be used to probe the other.

For multiple Rydberg atoms in a single electronic state, we show that the phase coherence of thecondensate allows the tracking of mobile Rydberg
impurities akin to the function of bubblechambers in particle physics [5]. For a single Rydberg atom with multiple electronic states, weprovide
spectral densities of the BEC as a decohering environment [6], and show that the BECcan image a signature of the entangling evolution that causes
Rydberg q-bit decoherence [7] or
serve as non-Markovian environment for quantum simulations.
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[6] Rammohan et al. PRA 103 (2021) 063307.
[7] Rammohan et al. PRA(Letters) 104 (2021) L060202."

Pirsa: 22070021 Page 1/32



Pirsa: 22070021 Page 2/32



Pirsa: 22070021 Page 3/32



Pirsa: 22070021 Page 4/32



Pirsa: 22070021 Page 5/32



Pirsa: 22070021 Page 6/32



Pirsa: 22070021 Page 7/32



Pirsa: 22070021 Page 8/32



Pirsa: 22070021 Page 9/32



Pirsa: 22070021 Page 10/32



Pirsa: 22070021 Page 11/32



Pirsa: 22070021 Page 12/32



Pirsa: 22070021 Page 13/32



Pirsa: 22070021 Page 14/32



Pirsa: 22070021 Page 15/32



Pirsa: 22070021 Page 16/32



Pirsa: 22070021 Page 17/32



Pirsa: 22070021 Page 18/32



Pirsa: 22070021 Page 19/32



Pirsa: 22070021 Page 20/32



Pirsa: 22070021 Page 21/32



Pirsa: 22070021 Page 22/32



Pirsa: 22070021 Page 23/32



Pirsa: 22070021 Page 24/32



Pirsa: 22070021 Page 25/32



Pirsa: 22070021 Page 26/32



Pirsa: 22070021 Page 27/32



Pirsa: 22070021 Page 28/32



Pirsa: 22070021 Page 29/32



Pirsa: 22070021 Page 30/32



Pirsa: 22070021 Page 31/32



Pirsa: 22070021 Page 32/32


