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Two-electron Rydberg atoms 
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Isolated Core Excitation (ICE) 
Cooke et al., PRL 40, 178 (1978) 
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Autoionization rate 
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Probing a cold 
Rydberg gas using 
autoionization 
physics/1008.4512 

Also poster by James Millen & Graham Lochead 



CRYP10 Week One 

Making a cold strontium Rydberg gas 

Nozzle Zeeman slower 

Oven MCP 
MOT coils & 
electrodes 

CCD 



Making a cold strontium Rydberg gas 
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The Rydberg excitation spectrum 
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The low density autoionization spectrum 

Fit is 6-channel MQDT for 
5snd states 
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(Xu et al., PRA 35, 1138 (1987)) 
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Increasing the Rydberg density 
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Increasing the delay 
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Narrow peak ≠ 5s56d  



Decay of the autoionization signal 
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Population transfer 
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• State(s) populated 

• Amount of population transfer 

• Mechanism(s) 



Which states are populated? 
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Dipole-coupled states 

CRYP10 Week One  

5s56p 1P1 and 5s54f 1F3 

Nearest states: 

Förster defect = -2.5 GHz  



Dipole coupled states 
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Dipole coupled states 
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• State(s) populated 

• Amount of population transfer 

• Mechanism(s) 

mainly 5s54f 1F3 



Quantitative analysis 
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Quantitative analysis 
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13±3% of the Rydberg atoms are transferred 



Population transfer 

CRYP10 Week One  

• State(s) populated 

• Amount of population transfer 

• Mechanism(s) 

mainly 5s54f 1F3 

13±3% 



Mechanisms 
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• Black-body 

• Superradiance 

• Stark mixing due to ions 

• Dipole-dipole interactions 

• l-changing electron-Rydberg collisions 



Stark mixing 
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Calculations assume no singlet-triplet mixing 



Stark mixing 
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Rydberg fraction ~10% 

BUT: only 1% ionization 
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Dipole-dipole interactions 
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Mechanisms 
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• Black-body 

• Superradiance 

• Stark mixing due to ions 

• Dipole-dipole interactions 

• l-changing electron-Rydberg collisions 



l-changing electron-Rydberg collisions 
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S. K. Dutta et al., PRL 86, 3993 (2001) 
A. Walz-Flannigan et al., 69, 063405 (2004) 

l-transfer associated with cold plasma formation  

~1000 ions required for plasma to form 



Summary 
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• State(s) populated 

• Amount of population transfer 

• Mechanism(s) 

mainly 5s54f 1F3 

13±3% 

mainly l-changing e--Rydberg 



Outlook – autoionization as a probe 
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The End 
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Isolated core excitation 
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