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Introduction: Single well and double wells

R. G. Hulet,  Phys. Rev. Lett.  78 (1997)
Nature, 408, (2000)
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W. Ketterle Group, Science, 2004
Phys. Rev. Lett. 92, (2004)

B. V. Hall et al.,       Phys. Rev. Lett. 98, (2007)
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Introduction: Periodic Potential

Nature, 415, 39, 2002

Rev. Mod. Phys. 78, 179 (2006)
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Introduction: Box or ring

Developing Nonlinear Quantum Theory

L. D. Carr, et. al.  Phys. Rev. A.  62, 063610, 063611 (1997)

Periodic boundary conditionsBox boundary conditions
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Introduction: Double wells

Mahmud et. al. Phys. Rev. A 66, 063607 (2002)
WeiDong Li,     Phys. Rev. A 74, 063612, (2006)

Symmetry-preserving solutions Symmetry-breaking solutions
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Introduction: Double wells

J. Javanainen, Phys. Rev. Lett. 57 3164 (1986)
A. Smerzi,      Phys. Rev. A 59, 620, (1999)

Phys. Rev. Lett. 84, 4521 (2000)

B. Wu, Phys. Rev. A, 61,  023402, (2000)

MQST

Nonlinear  Landau-Zener
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Introduction: Double wells

M. Albiez, et. al, PRL. 95, 010402 (2005) S. Levy, et. al, Nature, 449, 579 (2007)
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Introduction: periodic potential

B. Wu, et. al.,      Phys. Rev. A, 61,  023402 (2000); 
Phys. Rev. A, 65, 025601 (2002)

O. Zobay et. al.,  Phys. Rev. A, 64,  033603 (2000);
M. Machholm, et. al., Phys. Rev. A 67, 053613 (2003);
J. C. Bronski et. al., Phys. Rev. Lett. 86, 1402 (2001);

Loop structure Non Bloch states

WeiDong Li, et. al.,   Phys. Rev. E, 70,  016605 (2004); 
M. Machholm, et. al., Phys. Rev. A 67,  053613 (2003);
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Introduction: Nonlinear Adiabatic Theory and so on

J. Liu, et. al.,  Phys. Rev. Lett. 90, 170404 (2003)
B. Wu, et. al., Phys. Rev. Lett. 94, 140402 (2005)

Phys. Rev. Lett. 86, 020405 (2006)
Commutability: Semi-classical

Adiabatic limit

Adiabatic evolution
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Introduction: time-dependent system

Nonlinear coherent destruction

B. Wu, et. al., Phys. Rev. A. 76, 051802 (R) (2007)
A. Szameit, et. Al.,        Opt. Lett. 34, 2700, (2009)
D. Ye, et. al.,  Phys. Rev. A, 77,  013402 (2008)

Nonlinear Quantum Zeno effect

E. W. Streed, et. al., Phys. Rev. Lett 97, 260402 (2006)
WeiDong Li, et. Al., Phys. Rev. A, 70, 016605 (2004)
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Introduction: Nonlinear effect on QM

Nonlinear interaction

• Novel stationary solutions
• Novel dynamics behaviors
• Positive effect for the time-dependent    
perturbation

• Broken some Quantum principles
• ……

GPE is also a very important starting point to understand 
the many-body Quantum Theory
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Orthogonal basis for inhomogeneous BECs
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Orthogonal basis for inhomogeneous BECs

Phys. Lett. A 373 2764, 2009
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Dynamical Stability analysis

Introducing one small derivation from object state
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Dynamical Stability analysis of Ground state

• Ground state is stable both for positive 
and negative interaction

• modify safely from positive to negative
• Gapless from positive to negative
• when smaller than the critical value, it is 

under bound state.
• This new method can be extended to 

excited state

R. Kanamoto, et. al, PRA 67, 013608 (2003);
A. Parola, et. al, PRA 72, 063612, (2005).

Phys. Lett. A 373 2764, 2009
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Dynamical Stability analysis of Ground state

Numerical simulation supports our analytical calculation

Phys. Lett. A 373 2764, 2009
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Dynamical Stability analysis of first excited state

Increasing the nonlinear interaction

1 0 .2 2 3 6c

Phys. Lett. A 373 2764, 2009

η = −
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Nonlinear Correction for BJJ
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Nonlinear Correction for BJJ
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Nonlinear Correction for BJJ
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( ) ( )0 0, 0 0.01zφ = =
Initial condition

Including χ

Without χ

Nonlinear tunneling effect shifts the period of the oscillation modes

Xin-Yan Jia, Wei-Dong Li and J. Q. Liang, 
Phys. Rev. A 78 , 023613 (2008).
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Nonlinear tunneling effect corrects the MQST conditions

( ) ( )0 0, 0 0.2zφ = =

( ) 5, ( ) 25, ( ) 50, ( ) 80.a b c dη η η η= = = =

Initial condition Xin-Yan Jia, Wei-Dong Li and J. Q. Liang, 
Phys. Rev. A 78 , 023613 (2008).
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Using the matching conditions:
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Nonlinear Bloch functions

0.6 0.4 0.5a b k π= = =

Engery Bloch

Rui Xue, Z. Liang and Wei-Dong Li, 
J. Phys. B: at Mol. Opt. Phys. 42, 085302 (2009).



2010-08-03 DaLian 35

Nonlinear Bloch functions

/k kν ε= ∂ ∂

5s = 0.1 Rgn E=

Bloch energy band and group velocity

J. Phys. B: 42, 085302 (2009).
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Nonlinear Bloch functions
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Nonlinear Bloch functions
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Nonlinear Bloch functions
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Sound velocity

Phys. Rev. A (2004) 70, 023609

Eur. Phys. J. D (2003) 27, 247
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Nonlinear Wannier functions
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Nonlinear Wannier functions

U/J very important parameters for system

Bose Harbard model
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Nonlinear Wannier functions

Chin. Phys. B: 18, 4130 (2009).

Monotone behavior with nonlinear parameters
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Nonlinear Wannier functions
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Weak force detector

Revised in (2010)
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Weak force detector

Revised in (2010)
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Quantum steps

Eur. J. Phys. D.  Revised in (2010)
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Quantum steps

Eur. J. Phys. D.  Revised in (2010)
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Conclusion and Outlook

Orthogonal basis for confined BECs
The dynamical stability of first excited state

Nonlinear Correction for the  MQST
The nonlinear tunneling makes an important contribution in 
lager nonlinear case

Nonlinear Bloch and Wannier functions
The nonlinear interaction modifies
The relative parameters are presented

Loop structure and the symmetry-breaking solutions
On Asymmetrical double well
Adiabatic Evolution on double well
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