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Interacting BEC in a Double-Well Potential
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Two-mode approximation (following Gati and Oberthaler, J Physics B, 40, R61 (2007)
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Two-mode mean field model
The wavefunction   )()()()(, xetNxetNtx R
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RL, phases of L (R) wavefunctions

We introduce:
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Can evaluate the Hamilton function cos41
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The equations of motion 
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For n = 0 &  = 2 the system is in the ground state and does not change

If n ≠ 0 or  ≠ 2 current will start to flow through the barrier



1) For small initial amplitudes n0
2 << N2 and sin0 º 0 the equations of motion
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The solution is harmonic (Josephson) oscillations of the population imbalance

 inptntn   sin)( * 







 2

41
N
E

EE j
cjp




2) Self-trapping effect: if the initial population imbalance is high to make
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Experiment on Josephson oscillations (Rudolf Gati, PhD thesis 2007)



R. Gati, 2007



R. Gati, 2007



Number fluctuations and coherence
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Fluctuations of the atom number difference

Coherence
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Rabi, Josephson and Fock regimes

Rabi:

Josephson:

Fock:
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R. Gati, 2007



Rabi, Josephson and Fock regimes

R. Gati, 2007



Rabi, Josephson and Fock regimes

R. Gati, 2007



Measurements of relative phase

R. Gati, 2007



Phase fluctuations

R. Gati, 2007
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Two‐Component BEC in Rubidium‐87

Interactions include collisions between atoms in:
states |1> and |1> (scattering length a11),
states |2> and |2> (scattering length a22)  and
states |1> and |2> (scattering length a12).



Ramsey method of separated oscillatory fields
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Nonlinear Evolution of Amplitude and Phase

 Spatially dependent chemical potentials:
• change in spatial dependence of amplitude

• phases of both states will develop spatial dependence

• three s‐wave scattering lengths determine dynamics of the system
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Simulations of Nonlinear Dynamics

Set of two coupled Gross‐Pitaevskii equations

with decay terms



Spatially Non‐Uniform Phase

R. P. Anderson et al, Physical Review A 80, 023603 (2009)



Collective Oscillations of 2CBEC

State |2>

State |1>
M. Egorov, 2011



Collective Oscillations and Self‐Rephasing of BEC
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M. Egorov et al, Physical Review A 84, 021605(R) (2011)



N = 55,000 atoms

radial frequency 97.0 Hz

axial frequency 11.69 Hz

Two‐component BEC on Atom Chip
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|2>

Absorption imaging
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Ramsey Interference in TOF

|1>

|1>

|2>

|2>

Experiment Theory (GPE)

R. Anderson, 2009



Ramsey Interference in TOF

Experiment Theory (GPE)

Long evolution time T between two /2 pulses

|1>

|2>

|1>

|2>

R. Anderson, 2009
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Ramsey Interferometry in Phase Domain
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For T = 20 ms Visibility is 0.8

Ramsey Interferometry in Phase Domain

T = 20 ms, Visibility 0.8



Ramsey Interference Fringes

T = 20 ms

T = 450 ms

exp points

fit

Fitting with
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M. Egorov et al, 2011



exp points

GPE model

Wigner model

Wigner + exp(‐
T/)

 = 10 s

Visibility Decay

Ramsey

Spin Echo

M. Egorov et al, 2011



92% !

72% !

Self‐Revival  +  Spin Echo

N = 30,000 atoms

Tdp = 200 ms (dephasing time)

T1 > 5 s (coherence time)
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Spin Echo Profiles at 700 ms



Evolution of Phase Noise

exp points

local oscillator 
noise

Quantum Noise

Classical + 
Quantum Noise

Ramsey

Spin Echo

M. Egorov et al, 2011



We are looking for new PhD students


