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PHONONS: NON-PROPAGATING MODES
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COHERENT PHONON FIELD

λ = cT



SQUEEZED PHONON FIELD

λ = cT

TIME-VARYING 
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WHAT ARE THE MECHANISMS?
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DISPLACEMENTS
(u ≡ ions    Q ≡ phonons)
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IMPULSIVE STIMULATED RAMAN SCATTERING



ABOVE THE GAP: DISPLACIVE EXCITATION
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IMAGINARY COMPONENT OF THE RAMAN TENSOR

τ >> Ω−1
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COHERENT PHONONS

Chen et al., Appl. Phys. Lett. 62, 1901 
(1993)

Ti2O3

Garrett et al., Phys. Rev. Lett. 77, 3661 
(1996)
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SQUEEZED AND OTHER CORRELATED FIELDS
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Bartels, Dekorsy and Kurz, 
Phys. Rev. Lett. 84, 2981 (2000)

KTaO3

Garrett, Whitaker and Merlin, 
in Ultrafast Phenomena XI, 
(Springer, Berlin, 1998), p.362
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Propagating Acoustic Modes

25 period
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Low-Frequency Magnons: GaMnAs
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COHERENT POLARITONS



ZnSeZnSeZnSeZnSe



ZnTe: v = 0.31c (subluminal)



LiTaO3 : v = 3.07c (superluminal)
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ULTRAFAST X-RAY DIFFRACTION



PHASE TRANSITIONS AND UXD



ANHARMONICITY

Chen et al., Appl. Phys. Lett. 62, 1901 
(1993)

Ti2O3



SUMMARY
COHERENT EXCITATIONS:

ALL-OPTICAL PHONON EXPERIMENTS  ARE  FAIRLY WELL UNDERSTOOD  (BUT 
QUESTIONS REMAIN ABOUT THE GENERATING MECHANISMS: STIMULATED RAMAN vs. 
OTHERS) 

NEED  ULTRAFAST X-RAY DATA TO GET  ATOMIC DISPLACEMENTS

IMPORTANT X-RAY EXPERIMENTS HAVE BEEN PERFOMED BUT MUCH REMAINS TO 
BE DONE. NOTHING YET ON SPIN EXCITATIONS OR OTHER NON-VIBRATIONAL MODES.

ANHARMONICITY:

POORLY UNDERSTOOD. PREVIOUS OBSERVATIONS MOST LIKELY DUE TO INDIRECT 
ELECTRONIC EFFECTS. X-RAY WORK IMPORTANT TO DISTINGUISH VIBRATIONAL 
FROM OTHER EFFECTS.

NON-THERMAL MELTING:

VERY IMPORTANT BUT POORLY UNDERSTOOD.  X-RAY DATA CRUTIAL. NEED 
OPERATIONAL DEFINITION. POSSIBLY SERIOUS PROBLEMS WITH TIME SCALES.

TRANSIENT PHASE TRANSITIONS:

DYNAMICAL BROKEN SYMMETRY

DOMAIN REVERSAL


