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A ponderomotive potential is an 
effective potential seen by a particle in 
ac field on average over the fast 
oscillations. It is not a true potential 
though, and hence can be used for 
particle manipulations more advanced 
compared to those via static 
potentials.
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Classical Ponderomotive ForceClassical Ponderomotive Force
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Gaponov and Miller (1958); 
Motz and Watson (1967) …
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Relativistic Ponderomotive ForceRelativistic Ponderomotive Force
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QuestionQuestion
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Does it have anything to do with Does it have anything to do with 
the attosecond science?the attosecond science?
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Adiabatic Invariant and Particle ManipulationAdiabatic Invariant and Particle Manipulation
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E is an adiabatic invariant (∂t ≡ 0)
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Conservation law is a constraint!Conservation law is a constraint!



Main IdeaMain Idea
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Removing the constraint of adiabaticity Removing the constraint of adiabaticity 
might give us additional might give us additional flexibilityflexibility for for 

manipulating particle motion.manipulating particle motion.



Examples of Advanced BarriersExamples of Advanced Barriers
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• Asymmetric barriers

• Singular quasi-potentials

• Ponderomotive cooling

• Quantumlike effects

• Attosecond bunches



How do we break adiabaticity?How do we break adiabaticity?
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Quantumlike Effects: Discrete Energy LevelsQuantumlike Effects: Discrete Energy Levels
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Quantumlike Effects: Nonadiabatic TunnelingQuantumlike Effects: Nonadiabatic Tunneling
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Attosecond Electron Bunches: Attosecond Electron Bunches: ∂∂xx = = ∂∂yy = 0= 0
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Attosecond Electron Bunches: Attosecond Electron Bunches: ∂∂xx = = ∂∂yy = 0= 0
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Focused Field: Standing WaveFocused Field: Standing Wave

IILYALYA DDODINODIN, , Nonadiabatic Ponderomotive BarriersNonadiabatic Ponderomotive Barriers

standing wave

0 50 100 150 200
0

50

100

150

200

250

300

z

r⊥

traveling wave

r⊥

z

r⊥

z

0 50 100 150 200 250
0

50

100

150

200

250

r⊥

z

λ

Naumova et al (2004);
Nees et al (2005)

Chirped energy
distribution, like in



How do we break adiabaticity?How do we break adiabaticity?
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Ponderomotive Potential Ponderomotive Potential ≡≡ Energy of Dipole InteractionEnergy of Dipole Interaction
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Particles Exhibiting Natural OscillationsParticles Exhibiting Natural Oscillations

Particle in a dc magnetic field
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Atoms, molecules – quantum oscillators

Gaponov and Miller (1958); Motz and Watson (1967); Minogin and Letokhov (1987)...
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resonant oscillator
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How do we break adiabaticity?How do we break adiabaticity?
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Effective Effective Ponderomotive PotentialPonderomotive Potential
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Quantum InterpretationQuantum Interpretation
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Nonadiabatic Acceleration, Trapping, and CoolingNonadiabatic Acceleration, Trapping, and Cooling

2

  
2

:t mv ω
Ω

⎛ ⎞ − Ω
Δ = Δ⎜ ⎟ Ω⎝ ⎠

→ ∞ E

2

const
2

mv ω
Ω

−Ω
+ Φ − =

Ω
E

IILYALYA DDODINODIN, , Nonadiabatic Ponderomotive BarriersNonadiabatic Ponderomotive Barriers

Heating and deceleration Heating and deceleration
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Asymmetric Ponderomotive PotentialAsymmetric Ponderomotive Potential

Dodin and Fisch, PRE (2005); Raizen et al (2005); Ruschhaupt and Muga (2004)...
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Current DriveCurrent Drive

Efficiency can be larger than that of conventional schemes

CurrentEfficiency
Power
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(II) From [Fisch, RMP (1987)]

Phase space conservation limits the amount of minimum heating
Fisch et al, PRL (2003); Suvorov and Tokman (1988)...



Main MessageMain Message

As compared to truly conservative forces, the As compared to truly conservative forces, the 
ponderomotive force is a more advanced tool for ponderomotive force is a more advanced tool for 
manipulating both charged and neutral particles.manipulating both charged and neutral particles.
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SummarySummary

Ponderomotive force is an advanced tool for particle manipulation

Manipulating elementary particles:

Quantum analogy, quantized energy levels in ponderomotive wells

Nonadiabatic tunneling

Attosecond electron bunches

Manipulating natural oscillators:

Nonadiabatic ponderomotive potential, approximate integral

Ponderomotive cooling

One-way walls, current drive, phase-space limitations
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