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Rydberg electron interacting with ground state atoms
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Rydberg electron interacting with ground state atoms
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Ultracold Rydberg Chemistry

e Giant molecules

Two or few-body physics



Rydberg electron interacting with ground state atoms




Ultimately: one electron bound by a charged BEC




Single electron in a quantum gas
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® / Phonon

Cooper pairs

electron phonon coupling

Many-body physics
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» History of Rydberg atoms in dense gases

 How Rydberg electrons catch atoms B= ~\‘\

» Single Rydberg electron in a BEC ,
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Spostamento medio delle righe in funzione della concentrazione di 77,
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Interaction between a charge and a polarizable atom




Interaction between a charge and a polarizable atom
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Interaction between a charge and a polarizable atom
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Interaction between a charge and a polarizable atom
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Verschiebung von hohen Serienlinien
des Natriums und Kaliums durch Fremdgase,
Berechnung der Wirkungsquerschnitte von Edelgasen

gegen sehr langsame Elektronen.

Von Chr. Fiichtbauer, P. Schulz und A, F. Brandt in Rostock.
Mit 4 Abbildungen. (Eingegangen am 30. Juni 1934.)
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Fig. 4. Gesamtverlauf der Verschiebung bei 0% und 1 Atm. fiir die Cisiumhauptserie.

Zeitschrift fur Physik 90, 403-415 (1934)
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interacting Rydberg electron
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Effect on ground state atom?




Creation of Polar and Nonpolar Ultra-Long-Range Rydberg Molecules
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Trilobite” molecules
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Fermi-Greene Model

single channel

probability density
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JTrilobite” molecules
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Rydberg Signal (arb. units)
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Ultralong-range trimers, and tetramers and...

43S Rydberg molecules
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Increase | :
D state molecules show rovibrational states...
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D state molecules show rovibrational states...
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Scaled rovibrational probability densities

Axial states:
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Going higher in n:
dimers, trimers, tetramers, pentamers ...

Binding energy scales W|th principal quantum number
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Even higher n: from molecules to mean shift
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In situ Rydberg spectroscopy setup




Increase density: Rydberg spectroscopy in a BEC

BEC Spectra
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Increase density: Rydberg spectroscopy in a BEC
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Length scales

10" Many body physics
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Rydberg atoms - Blockade
quantity  scaling 100S-stateof¥Rb
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Rydberg atoms in dense gases
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110S
2025
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@m) 0 20 20
Rydberg: 1.2 um radius / 4.2 pm radius
BEC.: 8:10% atoms, 5/ 18 um radial / axial TF-radius

= 700/ 30000 atoms inside Rydberg atom



Effect of BEC on single Rydberg electron
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Effect of single electron on BEC
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Rydberg electron sets BEC in motion
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Effect of single electron on BEC
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Effect of single electron on BEC
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Solving GP equation for our parameters
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Loss after ToF — numerics

collaboration with Tomasz Karpiuk, Mirostaw Brewczyk
and Kazimierz Rzgzewski (Warsaw, Poland) arXiv:
1402.6875

Methods:
» Monte-Carlo simulation of excitation process

« time evolution of Gross-Pitaevskii equation for
BEC

 Classical field approximation to extract atom loss

PRA 81, 013629 (2010)
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Combining high Rydberg states and BEC

* Rydberg core serves as e - trap

-~
- sy’ ‘
 Rydberg blockade allows only "

one single electron
 quasifree electron in pure state
— 700-30.000 atoms

within wavefunction

=> strong coupling of charged impurity to BEC excitations



Wavefunction? imaging of single electrons

() d=

Excite single Rydberg atom

BEC as contrast agent
(GP simulation)

T. Karpiuk, M. Brewczyk, K. Rzazewski, J. B. Balewski, single excitation
A. T. Krupp, A. Gaj, M. Schlagmdller, R. Low, S. Hofferberth, and T. Pfau

"Detecting and imaging single Rydberqg electrons in a Bose-Einstein condensate”
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lon — BEC interaction?

new approach to prepare a single ion in a BEC?

|dea 1: |dea 2:
high n circular (I>>0) state hold ion in optical trap

A
-

electron outside the BEC shields ion ,magic” wavelength (430nm) ODT for ion
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