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The Very First Experiment

frequency doubled Nd3+ -4 kW
0 = 2.1 µm

Water free surface ( = 72mN/m) 

0 3 30 µm,P 2W 1 10Pa

?         ?         ?



Ashkin and Dziedzic observation at Liquid 
Interfaces 

n1 > n2

2 2Dielectric :  n g

1 1Dielectric :  n

h ˆp n z
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Compatible  with the Minkowsky expression of the photon momentum

Deformation towards the optically less dense fluid



t t tn h c sin cost n

(i) an incident photon gives to the interface the momentum 

(ii) a reflected photon picks to the interface the momentum 

(iii) a transmitted photon picks to the interface the momentum 

N: photon number per unit area and unit time

i t i t i tR , ,T , 1 R ,Reflection and transmission Fresnel coefficients in electromagnetic energy:

d d dQ Q QElementary variation of momentum on the interface portion of area S during the time dt:
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0 iI N cos hlaser intensity for an incident wave tilted by an angle i at the interface
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- normal to the interface
- directed toward the dielectric medium
of lowest index of refraction

Qualitative explanation

i i in h c sin cost n

i i in h c sin cost n



Stationary interface deformation, the EM view (I)
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Stationary interface deformation, the EM view (II)
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Near-critical liquid interface

coexistence curve
T

two-phase region 
T0

TC

2 C 1

one-phase region

Use of Surpramolecular systems 
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Composition
• SDS:        4% in weight
• Butanol: 17 %
• Toluene: 70 %
• water:       9%

rmicelle 0
+ = 40 Å

Near-critical micellar phases of microemulsion

oil water

surfactant

meniscus

1

2 g

n2 , 2

n1 , 1

Ising Class  (d=3, n=1)

TC 32 °C

1 2

1 2n n

Typical values at  T-TC 1 K :

mN1072 3
air/watermN /10 7

3.50 mkg 0.006n
Deformations:    nm                 10-100 µm



Experimental set-up
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Up/down symmetry in linear deformations

0 = 7.5 µm, T-TC=8K 0 = 7.5 µm, T-TC=3K

Interface Pulling

1 2n n

Interface Pushing

2n

1n



meniscus

glass capillary

Phase 2
( 2, n2>n1)

wetting films
Phase 1

( 1> 2, n1)

Up/down symmetry in linear deformations (II)

T-TC = 15 K
0 = 5.3 µm

P:        900                1100                1400                 1600     mW   

10
0 

µm



Height of Linear Deformations (Ih’(r)I<<1)
Balance equation at normal incidence in stationary conditions:

buoyancy     Laplace                 radiation pressure
Pressure
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Optical Bond Number
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“Non-local” deformations

Bo <<1: gravity neglected 
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“Local” deformations
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Universal scaling relation
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A. Casner et al, PRL. 87, 054503 (2001)
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Linear dynamics
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Contactless measurement of
surface tension and shear viscosity

Ar+ laser: a few tens of nm



Optical Stretcher and developments

Optical deformability of normal, cancerous, 
and metastatic breast epithelial cells

600 mW



Optical application: adaptive lensing
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Pure thermal effects ?
Laser overheating: 4 1
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Optical nonlinearities of micellar phases ?

S. Buil et al, Phys. Rev. E 63, 041504 (2001) 

Electrostrictive variation of the micelle concentration 
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Droplet disruption by the optical radiation 
pressure

100mJ, 400ns; 0-22µs 200mJ, 400ns; 1-15µs

Deformation Jetting



Up / Down symmetry breaking in shape 

A. Casner et al., PRL90, 144503(2003)
P= 270     410      590    830 mW

P=  P

T-TC = 3 K
0 = 5.3 µm



Origin of the jetting

n1

n2 > n1



Opto-hydrodynamic instability
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Height of large amplitude deformations

T-TC = 3.5 K
0 = 5.3 µm

P = 400 mW

H. Chraibi et al, Eur. J Mech. B/Fluids 27, 419 (2008)
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Large deformations close to the critical point

T-TC = 3.5 K, 0 = 5.3 µm

Asymmetry in the propagation direction: Flow?

Bo=0.015 

R=r/ 0 R=r/ 0

H. Chraibi et al, Eur. J Mech. B/Fluids 27, 419 (2008)
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Liquid flow within the jet: scattering forces on 
near-critical density fluctuations ?

Osmotic Compressibility

v 0 Scat Scat
nI ˆ ˆ ˆF k k k d
c

23

v B T4
0

nIF k T f
c

Scattering Force in the Rayleigh Regime 
( << 0/n)

2
02 2 nwith

4
vQ F d

128
Poiseuille Flow:

N. A.: Q -640 µm3/s

R. Schroll et al. Phys. Rev. Lett. 98, 133601 (2007)
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Radiation pressure vs scattering forces 
Fluid flow induced interface deformation ?

T-TC=3.5K, 0=4.8µm, P=1180mW, /2

2 , n2> n1

1 , n1



uF 2
v

Deformation from scattering forces: 1L Model 

Stokes equation:

2
0

2
0T uP Pu T0 No waist dependence at first order ? 

(scaling) 

gZZ

Pure buoyancy 
solution:  

buoyancy + Laplace 
pressure  

R. Schroll et al , PRL 98, 133601 (2007) 

Light induces collective flow in suspension:
openings in Optical Nano-Chromatography ?
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Laser-sustained liquid column and …

T-TC = 4 K, 0 = 3.47 µm, P=0.47 W>P

Liquid bridges unstable ( µ-g) for aspect ratio: =L/2R 

70 !



…Formation of a stable self-adapted optical fibre



Liquid column stability: a ray optics approach
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T-TC = 5 K, 0 = 3.5 µm, P=630 mW>P

Rebuilding the liquid jet

Transition from droplet to annular flow driven by radiation pressure



Finite size effects on deformations

Squeezing

Stretching

H. Chraibi et al, Phys. Rev. E 77, 066706 (2008)
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Concluding Remarks 

Interface Deformation: the linear case
Universal description versus Bo
Up/down Symmetry
Electrostriction and secondary effects
New interface deformation process: bulk scattering forces
Finite size effects

"Opto-hydrodynamic" Instability of a Fluid Interface
Beam-centered Liquid Micro-Jet; Taylor cones
Stable High Aspect Ratio Liquid Bridge
Flow driven by scattering forces on density fluctuations

Further Insights
Total Laser Micro-fluidics

Two-phase flow and control over droplet formation
Adaptative Optics

Soft lensing, reconfigurable and self-adapted liquid waveguides


