
  

M m

M stationary. 
m moving in a circle of radius r
with velocity v

Mass M increased very slowly. 
What happens to m?

r decreases, v increases?
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Outline

●Made Rydberg atoms
●Probed Rydberg atoms

●Understood Rydberg atoms? Somewhat...



  



  

Crash course on Rydberg atoms

● Large Size
● Low Binding 

energies
● Large Dipole 

moments
● Radiative lifetimes 

are long!



  

Interacting Rydberg atoms

● Permanent dipoles 
in the presence of 
an external E

● Induced dipole-
dipole interactions 
in absence 
-London forces



  

Controlled Phase gate

|e>

|g>

r>

Qubit

● Apply Pi pulse to both atoms 
so that they are in the 
rydberg state

● Wait for some time - Due to 
dipole interaction they will 
pick up a phase

● Apply Pi pulse again
● Depends on exactly what 

the interaction strength is

Phys. Rev. Lett. 85, 2208–2211 (2000) 



  

Controlled Phase gate

● Pi pulse on the 
first atom

● 2Pi pulse on the 
second atom

● Pi pulse again on 
the first atom

Phys. Rev. Lett. 85, 2208–2211 (2000) 



  

Superatoms

● Dipole Blockade
● Excitation shared amongst a collection
● A single excitation blocks out other  atoms 

from being excited within a radius
● Each site can have many atoms
● However, Rabi Oscillation frequency 

changes? Can Pi pulses be applied without 
knowing number of atoms?



  

Collective and Conditional Excitation

 Nat.  Phys.  5,  115–118
(2009)
 Nat. Phys. 5, 110–114
(2009).



  



  

Making Rydberg atoms in a BEC

● Make a BEC – 10^5 87RB atoms, loaded into 
a 1D optical dipole trap – length ~ 500 um

● Add 1D lattice by intersecting two beams 
(840nm) at an angle. Lattice spacings up to 
13um. For spacing of .42um, depth is 20Er; 
for 13um depth is 5000Er

● Radial size – 1-2 um



  

Making Rydberg atoms in a BEC

● Two-colour coherent 
excitation.

● 420 nm, 1010-1030nm 
lasers, pulsed for 1-2 us

5S1/2

6P3/2

N=55..80

421nm

0.5-1 GHz

1010nm



  

Detecting Rydberg atoms
● Ionize them!
● Accelerate towards a channeltron
● Electrodes placed outside the quartz cell
● 35% detection efficiency.



  

1D Chain of Rydberg excitations

● Sub-poissonian 
counting statistics

● If detection 
efficiencies are 
taken into account, 
 



  

Rydberg excitations in 1D lattice



  

Dipole Blockade in lattices
● Lattice spacing ~ 

blockade radius.
● 100 filled lattice sites
● 50-100 atoms per 

site



  

Summary

● Created and detected Rydberg atoms in 
BECs in 1D lattices

● Phase coherence of the BEC maintained 
over many excitation-detection cycles.

● Dipole blockade demonstrated
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