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1. Summary of the subject (maximum 1 page): 
 
A central quest in science is delivering light deep within inhomogeneous media such as biological 
tissue. The challenge lies in overcoming light scattering, which typically restricts light delivery 
depth to 1 mm or below. Several strategies have been developed to address this issue, including 
wavefront shaping or endoscopy, but they typically come at the cost of loss of spatial or temporal 
resolution or increased invasiveness. A recently proposed alternative consists of exploiting the 
acousto-optic effect, namely the changes in refractive index induced by ultrasound(1), directly 
within the scattering medium. In this case, ultrasound modulation results in an embedded 
waveguide within the medium, enabling compensation for scattering.(2–4). Interestingly, the optical 
properties of the ultrasound-generated waveguide depend on the average static refractive index of 
the scattering medium – the higher the refractive index, the stronger the ultrasound light-guiding 
effect.  

In this master's thesis, we plan to study methods to increase the static refractive index of a 
scattering medium by adding absorbing molecules. The rationale is that absorbing molecules at a 
given waveband can result in an increase in the refractive index at other wavelengths via the so-
called Kramers-Kronig relations. 



 
 

 
 

2. Objectives (maximum 1 page): 
 
The main objective of the thesis is to study the effects that absorbing molecules have on the 
acousto-optic effect in different media. To achieve this overall objective, we have organized the 
work plan into five different tasks, which will occur sequentially through a 4-month period, as 
detailed next. 
 

1- Simulate the expected refractive index induced by absorbing molecules in a homogeneous 
medium (water) with and without ultrasound. 

2- Prepare solutions containing various concentrations of absorbing molecules based on the 
simulation results. 

3- Use wavefront sensing to determine the gradient in refractive index induced by ultrasound 
within solutions prepared in task 1. 

4- Quantify the improvement in light delivery through a scattering medium that is modulated 
by ultrasound and doped with the optimized concentration of absorbing molecules. 

5- Write the thesis. 
 

 
 
Additional information (if needed): 
* Required skills: the candidate is expected to show an interest in multidisciplinary subjects, and 
basic programming in Python and MATLAB. 
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