
                                                                     
 
 
 

Job Position title: PhD in stochastic differential equations and partial differential operators 

Research project/ Research group description: 

The project aims to establish further connections between partial differential operators (such 

as the Laplacian) and stochastic differential equations. Many of these connections are classical, 

such as the relation between the Fokker-Planck equation and the stochastic differential 

equations, as well as the Feynman-Kac formulas. These theoretical developments also have an 

applied interest since, for instance, they play a key role in the Black-Scholes theory of option 

pricing. While the connections between second-order linear differential operators and 

stochastic differential equations have been the subject of many studies so far, much less is 

known on the connection of this type of equations and nonlinear, higher-order, or even non-

elliptic partial differential operators. The goal of the project is therefore to connect both realms 

more closely, and to this end we will rely on two lines of action. The first one is to study the 

nature of the stochastic processes which are connected to linear higher order elliptic operators. 

These operators, in general, do not preserve positivity, and therefore the natural theoretical 

framework to study such stochastic processes is no longer a probability space, but rather a 

general measure space. The second line of action will focus on ill-posed parabolic equations. 

These equations are indeed ill-posed on Lebesgue or Sobolev spaces, but can be well-posed in 

certain spaces of distributions, ultradistributions, or hyperfunctions, as well as in their dual 

spaces. This opens the possibility to study such generalized solutions in terms of stochastic 

processes, what in turn may favor their numerical approximation or qualitative study. Apart 

from obtaining theoretical results of interest in the field of stochastic analysis, the project aims 

to connect these studies with models in physics, in particular in areas such as quantum optics or 

Bose-Einstein condensation. 

Job position description:  

The candidate should have knowledge on measure and probability theory, as well as a deep 

interest on both subjects. The project will be developed in the interface of analysis and 

probability, with applications to physics. This project can be divided into two halves: during the 

first half the candidate should study classical texts on the project subject. These include the 

classical connections among Itô diffusions and elliptic partial differential operators of second 

order. Also, the positivity preserving properties of elliptic and parabolic partial differential 

operators of higher order should be studied. Finally, an introduction to theories which generalize 

distribution theory, such as for instance Sato hyperfunctions, will be necessary too. Once this 

first half is completed the candidate will be expected to carry out original research, not 

independently but assisted at every time by the advisor. The bulk of the research activity will be 

focused on establishing new relations between higher order and ill-posed partial differential 

equations, and (possibly generalized) stochastic processes which will be seen as solutions to 

stochastic differential equations. While the main objective will be to establish Feynman-Kac 

formulas in these cases, attention will also be put in proving qualitative properties of the 



                                                                     
 
 
solutions to the partial differential equations through this connection. The final step will be to 

examine differential equations which constitute models in physics, notably in quantum theory, 

under this new perspective. The significance and well-posedness of these modes will be clarified 

with the theoretical framework just constructed. 

Project/group leader:  Carlos Escudero Liébana 

Email: cel@icmat.es 

Research project/ Research Group website:   
http://verso.mat.uam.es/web/index.php/es/directorio/24-pdi/125-escudero-liebana-carlos  

Links to the INPhINIT 2018 Open Call:  
https://obrasociallacaixa.org/en/investigacion-y-becas/programa-de-becas-de-
posgrado/inphinit/programme-description 
https://www.icmat.es/resources/employment/INPhINIT_La-Caixa  

Application website: https://www.lacaixafellowships.org/index.aspx  
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