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Fignre 5.6 Sodinn Dy transition hypertine strieture © The 38,4 ta 302 4 levels are
shown, Most of the cooling and probing is performed on the eyeling transition. /7 = 2
to I = 3 shown by the orange arrow, The repumping transition, 1= | o /27 = 2, s
shown with o green arrow. An externally applied magnetic field breaks the degeneracies
ol the hvperfine gronwd states. with sublevels shown on the right. Magnetic trapping and

evaporative cooling is performed in the F = 1. myp I state (indicated above),
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Figure 3.16: Microwave Rabi flopping: A mierowave field is turned on for a certain pulse

duration. shown on the horizontal axis. The atoms are initially in the I = 1. mp = —1
state. The microwave pulse transfers atoms to the £ = 2, mp = —2 state. At the end of

the pulse. we measure the populations in each of the states, aad determine the transfer

Y to the F' = 2. mp = =2 state. On tuning the microwave frequeney to the resonance
condition for the ' = L. mp = —1 and the F' = 2, mmp = —2 states. we observe Rabi

Hopping where the population oscillates between the two states, The line is a least squares
fit to the initial 2 oscillations, Over long times (>200 ps). fluctnations in the magnetic

bias field dephase the oscillations.
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ABSTRACT

Title of dissertation: A RING WITH A SPIN: SUPERFLUIDITY
IN A TOROIDAL BOSE-EINSTEIN
CONDENSATE

Anand Krishnan Ramanathan, Doctor of Philosophy, 2011

Dissertation directed by: Steve Rolston
Chemical Physics Program

Superfluidity is a remarkable phenomenon, Superfluidity was initially charac-
terized by flow without iriction, first seen in liquid helium in 1938, and has been
studied extensively since. Superfluidity is believed to be related to, but not iden-
tical to Bose-Einstein condensation, a statistical mechanical phenomena predicted
by Albert Einstein in 1924 based on the statistics of Satyendra Nath Bose, where
bosonic atoms make a phase transition to form a Bose-Einstein condensate (BEC),
a. gas which has macroscopic occupation of a single quantum state.

Developments in laser cooling of neutral atoms and the subsequent realization
of Bose-Einstein condensates in ultracold gases have opened a new window into
the study of supcrfluidity and its relation to Bose-Einstein condensation. In our
atomic sodium BEC experiment, we studied superfluidity and dissipationless flow

in an all-optical toroidal trap, constructed using the combination of a horizontal



