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VIBRATIONS (PHONONS): 
COHERENT AND SQUEEZED STATES

POLARITONS (LIGHT-TO COUPLED MODES)

SPIN-FLIP EXCITATIONS, MAGNONS, SPIN 
SQUEEZING, 2DEG SPIN- DENSITY 
FLUCTUATIONS

PLASMONS, 2DEG CHARGE-DENSITY 
EXCITATIONS

SUPERCONDUCTING GAP EXCITATIONS
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Coherent Fluctuations: Charge-Density vs. Spin-Density

z

σ

SPIN ≠

SPIN Ø

CDF



75 90 105 120 135 150 165 180

0.00

0.01

0.02

0.03

0.04

0.05

 

 

FF
T

Wave Number (cm-1)

75 90 105 120 135 150 165 180

 

 

FF
T

Wave Number (cm-1)

0 1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

2.5

ΔΔR
 (1

0-6
)

Time Delay (ps)

pump: circular
probe: linear

0 1 2 3 4 5
-2
-1
0
1
2
3
4
5
6

ΔΔR

Time Delay (ps)

pump: linear
probe: linear

Charge-Density vs. Spin-Density Oscillations
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Stimulated
Raman

Scattering

Linearly
Polarized

Circularly
Polarized

J. Bao, L. Pfeiffer, K. West and RM, Phys. Rev. Lett. 92 236601 (2004)



Ga1-xMnxAs: Time-resolved Magneto-Optical Kerr Measurements
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SW0As-grown GaMnAs 
120-nm  Mn: 3%
External field:
 0.17 T || [100]
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D. Wang et al., unpublished



Dependence of the spin wave frequency on field for different directions 

0.00 0.05 0.10 0.15 0.20 0.25

4

6

8

10

12

14

 B || [100] easy axis
 B || [110] 

Magnetic field (T)

Sp
in

 W
av

e 
fr

eq
ue

nc
y 

(G
H

z)

GaMnAs 3% Annealed

)2)4cos43(
2

4)cos()(4cos2)cos(( 22424 Dk
m
K

m
KmHDk

m
KH HH +−+++−++−= ϕπϕϕϕϕϕγω

Angle between the magnetization and applied field
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J. Phys. C, 16 1741-1755 (1983)

Spontaneous RS
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Two-Magnon
Squeezed State

MAGNON SQUEEZING

J. Zhao, A. Bragas, D. Lockwood and RM

Phys. Rev. Lett. 93, 107203 (2004)



COHERENT POLARITONS AND CHERENKOV RADIATION

Propagation
Effects



ZnSeZnSeZnSeZnSe

PLANE OF DIPOLES 
Science 291, 627 (2001)

PLANE OF DIPOLES 
Science 291, 627 (2001)



ZnTe: v = 0.31c (subluminal)
POINT DIPOLE 

Physica B, 316-317, 55 (2002)



LiTaO3 : v = 3.07c (superluminal)

CHERENKOV RADIATION
J. Wahlstrand and RM, Phys. Rev. B 68, 054301 (2003).
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Anomalous First-to-Zero Sound Crossover in La1-xCaxMnO3
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Y. Ren et al., unpublished



Propagating and Surface Avoiding  Modes

M. Trigo et al., unpublished
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Propagating and Surface Avoiding  Modes

substrate
superlattice
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WHAT ARE THE 
MECHANISMS?



(Δn ∝ Q , Q 2, Q 3,…)

WHAT ARE THE MECHANISMS? DETECTION vs. GENERATION
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DISPLACEMENTS
(u ≡ ions ; Q ≡ phonons)
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ABOVE THE GAP: DISPLACIVE EXCITATION

TWO RAMAN TENSORS: T. Stevens, J. Kuhl and RM

Phys. Rev. B 65, 144304 (2002)
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COHERENT PHONON FIELD SQUEEZED PHONON FIELD
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DECP vs. COHERENT RAMAN SCATTERING
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incoherent → coherent

A-type modes

Long-lived Raman coherence

All Raman-allowed modes



Good (?) 
ERL Idea



Time Resolved EXAFS: Impurity Mode Identification

GaAsGaAs

SiGa

ZnOZnO

Silicon K-shell: 1.84 keV Gallium K-shell: 10.4 keV

SiDX



Time Resolved EXAFS: Impurity Mode Identification




