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Heavy Rydberg
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Jim Shaffer

Oklahoma

Observation of Cs Rydberg atom macrodimers

Nature Physics 5, 581 - 585 (2009)

Oklahoma 
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quantum mechanical s-wave 

scattering

Electron-atom scattering

neutral Rb polarized by electron

E. Fermi: Nuovo Cimento 11 (1934)• scattering length

• classical k-dependence of Rydberg electron

• pseudopotential
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Simplest possible model for the molecular potential
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Some experimental details
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Photo association of Rydberg molecules

Atomic 

lines

Nature 458 1005 (2009)
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detected ion signal

two signals:

• atomic ion signal Rb+

• molecular ion signal Rb2
+ source of Rb2

+:

time-of-flight measurement

35s

Two kinds of ions signals
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A closer look on the potential
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A wider look on the potential
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Exact calculation of the potential
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Exact calculation of the potential

Phys. Rev. Lett. 105, 163201 (2010) 
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How about Cesium
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How about Cesium

Shaffer, Arxiv1205.4974
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High resolution photoassociation spectrum
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Characterization by selfheterodyne detection

10 km fiber

52ms

Fast PD

Acoustic shielding

(foam) necessary! 
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Characterization by selfheterodyne detection

780nm

Unlocked

Locked
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Rydberg molecules                                     Rydberg atoms

Voigt Fit for fixed 3 mK: 

142 kHz Lorentz linewidth
Limited by Laser linewidth
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Ramsey interferometry with Rydberg molecules
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Ramsey interferometry with Rydberg molecules
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T1= 6.4(9) ms        T2= 1.5(2) ms

35S

Nature Physics 6, 970–974 (2010) 
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Lifetimes of Rydberg molecules
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Lifetimes of Rydberg molecules

radiative collision transmission

n v

     


J. Phys. B. 44 184004 (2011) 

35S
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Stark effect
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„Subtracted“ Stark effect
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Full theory

B=11.5 kHz

T=3 mK

142 kHz
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Origin of the permanent dipole moment
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Conclusion

Ultra-longrange Rydberg Molecules

Trilobite states

Decay mechanism of Rydberg molecules
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More exotic molecules ?
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Radial dynamics


