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1) Introduction  Basics of synchronization

Essentials for Self-Oscillations
• Dissipation

• Power Source

• Non-linear

Features of Self-Oscillations
• They do not damp, i.e., the repetitive motion of

the system does not stop with the course of
time.

• They oscillate “by themselves”, i.e., not because
they are repetitively kicked from outside.

• The shape, amplitude and time scale of these
oscillations are chosen by the oscillating systems
alone, e.g., they are not easily changed by
setting different initial conditions.

Balanov at el. – Synchronization: From Simple to Complex



1) Introduction  Why ions in microtraps?

•Negative damping comes 
from exciting the blue 
sideband of 

•Nonlinear damping comes 
from exciting the red 
double sideband of  

[5] Lee & Sadeghpour, Phys. Rev. Lett. 111, 234101 (2013)

[15] Knünz et al., Phys. Rev. Lett. 105, 013004 (2010)

•Two ions held in separated 
trapping potential are coupled 
via their Coulomb interaction

[16] Brown et al., Nature, 471, 234101 (2011)
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Damping terms CouplingBlue detuned laser -
amplification

Number of 
phonons

Internal degree 
of freedom

Assumptions
• The dynamics of the internal degrees of freedom is assumed to

occur on the fastest time scale.
• Lamb-Dicke Approximation: Keeping terms that change the

phonon number by up to 1.
• RWA:

2) Trapped Ion Setup 
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3) Individual Ions 

• For                : The mean field equations of motion show a limit 

cycle solution with                            .      .

 Self-oscillation



3) Individual Ions  Correlation between spin and phonon degrees of freedom

Wigner distribution function
• Non-zero average amplitude.
• No phase preference

Wigner distribution function – After projection 
with one of Pauli-operator eigenstates

• - It’s eigenstates are correlated with     
phonon number, but not with phase.

• - Their eigenstates are correlated with 
phase, but not with phonon number
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4) Coupled Ions 

Relative Phase Distribution

Symmetric Case:               , Vary Detuning, Vary Pumping Strength, 

Measure of Synchronization:
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Semi Classical Approximation

• Making the approximation .

• Obtaining mean field relations , .

• Correlation functions are by definition.

However, making the assumption that , .

• Calculating expectation values by taking an average over the

steady state phase distribution leads to:

• is a sufficient condition for synchronization

5) Synchronization and Spin Correlations
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Conclusions
 Two phonon-lasing ions undergo synchronization when they are weakly coupled.

Strong correlation develop between the internal degrees of freedom and the phonons in each 
ion – This leads to correlations between the internal degrees of freedom of both ions when they 
are coupled.

These correlations carry information about the relative phase distribution of the ions and could 
be used to infer the presence of synchronization. 



Thank you for listening!


