
1 Curriculum Vitæ

1.1 Personal information

Name: Aurelio SPADOTTO

Date and place of birth: 9 July 1997, Milano (Italy)

Nationality: Italian

Degree: PhD in Mathematics and Modelling

1.2 Current position

since 2025 Postdoctoral researcher
University of Montpellier
Institut Montpelliérain Alexander Grothendieck (IMAG, UMR 5149)

Research topic:Development of hybrid numerical schemes
for Friedrichs systems

Funding: ERC Synergy NEMESIS, project number 101115663

2024 – 2025 ATER (temporary teaching and research position)
University of Montpellier

1.3 Education

2021 – 2025 PhD in Mathematics and Modelling
University of Montpellier
Institut Montpelliérain Alexander Grothendieck (IMAG, UMR 5149)

Thesis: Numerical Simulation of Red Blood Cell Electrodeformation
Advisors: Simon MENDEZ

Daniele DI PIETRO
Examiners: Lisl WEYNANS

Alexei LOZINSKI
Thesis committee president: Vincent MOUREAU
Other members: Jérôme DRONIOU
Funding: Region Occitanie, doctoral grant 2021

2019 – 2021 Master’s degree in "Mathematical Engineering" - Scientific Computing track
Politecnico di Milano

2016 – 2019 Bachelor’s degree in Mathematical Engineering
Politecnico di Milano
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1.4 Computer skills

• Languages: Fortran 90 (scientific computing), C++ (scientific computing), Python (scientific computing
and data visualization);

• DevOps: make, CMake, git;

• 3D Visualization: paraview;

• Document preparation: LATEX.
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2 Publications

2.1 Peer-reviewed journal articles

• Di Pietro D., Mendez S. and Spadotto A.
A discrete de Rham discretization of interface diffusion problems with application to the Leaky Dielectric
Model.
Journal of Computational Physics, Vol. 530 (2025), pg. 113920
https://doi.org/10.1016/j.jcp.2025.113920
https://arxiv.org/abs/2409.1/5042

2.2 Submitted articles available as preprints

• Di Pietro D. and Spadotto A.
Hybrid Methods for Friedrichs Systems with Application to Scalar and Vector Diffusion-Advection Prob-
lems.
https://arxiv.org/abs/2602.10890(2026).

2.3 Articles in preparation

• Di Pietro D., Mendez S. and Spadotto A.
Numerical simulation of biological capsules based on polygonal meshes fitted along the membrane.

• Di Pietro D. and Spadotto A.
Hybrid Methods for 2-field Friedrichs Systems.
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3 Conference and workshop participation

3.1 Invited presentations at conferences

2025 Int. Conf. on Comput. Methods for Coupled Problems in Science and Eng., Villasimius (slides)

2024 POEMS24: Polytopal Element Methods in Mathematics and Engineering, Paris (poster)

CJC-MA2024: Young Researchers Conference in Applied Mathematics, Lyon (poster)

JMBS, Maths Bio Health Days, Nantes (slides)

ECFD7: Extreme CFD Workshop, 7th edition, Merville-Franceville (report, sub-project N6)

2023 Dynamics of Capsules, Vesicles and Cells in Flow Compiègne (program)

ECFD6: Extreme CFD Workshop, 6th edition Merville-Franceville (report, sub-project 2)

3.2 Seminars and working groups

2026 Applied mathematics seminar, Nantes (slides)

2025 ACSIOM team seminar (PDEs, numerical analysis) at IMAG, Montpellier (slides)

NEMESIS working group (numerical analysis) at IMAG, Montpellier (slides)

3.3 Event organisation and seminar management

2026 Member of the organizing committee of the workshop "Towards Polytopal meshes in GMSH", Mont-
pellier (program)

2023-24 Co-organization of the PhD students’ seminar at IMAG, Montpellier (program)
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https://dynacaps.pre.utc.fr/wp-content/uploads/sites/73/2022/12/23-06-14-program-dynacaps2023-formata5-ful-ssnumero-1.pdf
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https://aurelio-spadotto.github.io/material/seminaire-nantes-2026.pdf
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https://aurelio-spadotto.github.io/material/seminaire-nemesis-2025.pdf
https://erc-nemesis.eu/gmsh/
https://imag.umontpellier.fr/?page_id=219


4 Teaching activity
The teaching activities listed below were carried out at the Faculty of Science of the University of Montpellier
within the Department of Mathematics. They were performed in part as additional missions during the PhD
and in part with an ATER position.

U.E. (TD) Level Hours

2024/25 Scientific Reasoning L1 Biology 75h
Mathematical Tools 1 L1 PCSI 90h
Mathematical Tools 2 L1 PCSI 27h

* * * * * * TOT * * * * * *
192h

2023/24 Computational Methods L1 Biology 16h
Mathematical Tools 1 L1 PCSI 16h

* * * * * * TOT * * * * * *
32h

2022/23 Computational Methods L1 Biology 32h

* * * * * * TOT * * * * * *
32h

4.1 Course contents

• Mathematical Tools 1 (L1 Physics/Chemistry/Engineering Sciences (PCSI), practicals, 106
total hours) : elements of set theory and logic (statements, logical connectors, quantifiers, proof by
contradiction); topology of sets in R; basic vocabulary on the concept of a function; analysis of functions
of one real variable: limits, continuity, differentiation; Taylor expansions and application to limit com-
putations; optimization of functions of one real variable; Riemann integration, fundamental theorem of
calculus and standard techniques for computing integrals; introduction to first-order ordinary differential
equations: separation of variables, linear ODEs with constant coefficients, Cauchy problems, modelling
examples from chemistry and ecology.

• Scientific Reasoning (L1 Biology, practicals, 90 total hours): elements of set theory and modelling
of a random experiment; probability calculations for simple experiments, basic combinatorics; independent
events, conditional probability, Bayes theorem; random variables: distribution, expectation, variance,
median; probability laws on finite sets: uniform, Bernoulli, binomial; laws on countable sets: geometric,
Poisson;

• Computational Methods (L1 Biology, practicals, 32 total hours): review of polynomials, expo-
nential and logarithm functions; least squares method and linear regression; recognition of distributions
and parameter estimation using log and semi-log plots; elements of infinitesimal and differential calculus
for functions of one real variable;

• Mathematical Tools 2 (L1 Physics/Chemistry/Engineering Sciences (PCSI), practicals, 27
total hours) : functions of variables in R2 and R3: domain, level sets; differentiation in several variables,
partial derivatives, gradient; closed and exact differential forms, search for a potential; curve parametriza-
tion and line integrals.
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5 Research activity
My research to date has developed along two main and essentially independent lines. The first line is the
development of a numerical simulator for red blood cell dynamics accounting for the action of an
electric field. This part of the work took place mainly during the PhD years. The second line is the design and
analysis of a hybrid numerical scheme of arbitrary order supporting polytopal meshes for first-order
PDE systems satisfying symmetry and positivity assumptions (Friedrichs systems). This second research
line is the subject of the ongoing postdoctoral work. One can identify four modules that summarize these
research activities, each detailed in one of the sections below. For each module, we describe the motivation,
give contextual details where necessary, and present the obtained results. We also outline perspectives for
future development. The sections I would present during a job interview would be section 5.2 and section 5.4.

5.1 Implementation of the Ghost Fluid Method in YALES2BIO

Motivation
The starting point is the biological tissue simulator YALESBIO, developed at IMAG and based on the YALES2
kernel developed at CORIA. The goal of the project was to add to the simulator a module to represent
the effect of an electric field on the elastic membrane of a red blood cell. We started from a consolidated
electodeformation model and searched for the most suitable numerical method to couple, for the first time,
an immersed boundary simulation of red blood cells with the discretization of a discontinuous electric
potential. This research is motivated, among others, by applications in biomedical engineering related to
the design of automatic blood analyzers based on the Coulter principle (illustrated in figure 1).

Context
In YALES2BIO, the simulation of the flow around the cell is based on the Finite Volume method for solving

the Navier–Stokes equations on a three-dimensional mesh of the considered geometry. The discretization of
the red blood cell accounts for its spatial extent and the mechanical properties of its membrane. In particular,
a cell is represented by introducing a triangulation of its surface. Communications between the flow volume
and the cell membrane are implemented according to the principles of the Immersed Boundary Method [11].
The interaction model between the cell and the electric field adopted for the project is based on the Leaky
Dielectric model [12], consolidated in the literature for systems similar to red blood cells. At the core of the
model we introduce an additional variable representing the electric potential in the considered volume. The
electric potential satisfies transmission conditions at the interface between the interior and the exterior of the
cell, and its determination takes the form of an elliptic interface problem: in a domain Ω, split into two
subdomains Ωint, Ωext by an interface Γ with outward normal nΓ, determine u : Ωint ∪ Ωext → R satisfying

−∇ · (σ•∇u•) = f in Ω•, • ∈ {int, ext}, (1a)
[u]Γ = JΓ on Γ, (1b)

[σ∇u]Γ · nΓ = ΦΓ on Γ, (1c)
uext = 0 on ∂Ω, (1d)

where the brackets [·]Γ denote the jump across Γ, σ ∈ L∞(Ω) is a conductivity coefficient constant on each
subdomain and discontinuous across Γ, f ∈ L2(Ω) and JΓ, ΦΓ ∈ L2(Γ) express source terms.

Results
The main challenge of the project was to identify a numerical strategy for solving problem (1) compatible

with the computing infrastructure of YALES2BIO, characterized by a non-conforming interface with respect
to the computational mesh. The main outcome was the implementation of the Ghost Fluid Method [8],
consolidated for multiphase flow simulation. At the end of the project, YALES2BIO includes a new module
implementing the method, enabling representation of the discontinuity of the potential across the membrane
(figure 2). The module is compatible with the parallelization procedures already present in YALES2BIO. The
results of this project are detailed in the PhD thesis (https://theses.hal.science/tel-05305250v1)

Outlook
The follow-up of this project was the development of the polytopal approaches described in sections 5.2 and

5.3. These were so far implemented in 2D in a fundamentally sequential and non-optimized Python code.
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Integrating these techniques into an industrial-scale platform like YALES2BIO would allow configuring 3D tests
on configurations of applied interest, such as a blood analyzer. This is a project of strong interest, which could
benefit from collaboration with a research engineer specialized in high-performance scientific computing.

Figure 1: Section 5.1: schematic illustration of the operation of an analyzer based on the Coulter principle [2].
A blood sample is inserted into a solution contained in a system of communicating vessels (RBC suspension).
A pressure difference drives the cells in the sample through a small measurement channel (Aperture) where
a strong electric field is imposed by two electrodes (Anode/Cathode). The temporary perturbation of the
measured voltage enables a quick cell counting procedure.
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(a) ϕh, (σint/σext) = 0.1 (b) ∇hϕh, (σint/σext) = 0.1

(c) ϕh, (σint/σext) = 10 (d) ∇hϕh, (σint/σext) = 10

Figure 2: Section 5.1: numerical approximation of an electric potential solving (1) obtained in YALES2BIO,
using the GFM. With f = 0, ΦΓ = 0, JΓ = 0, the solution is characterized by the sign of k = (σint/σext − 1).
On the first row, the numerical solution ϕh corresponding to σint/σext = 0.1. On the second row, the solution
for σint/σext = 10.
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5.2 A Discrete De Rham scheme for an elliptic interface problem

Motivation

We revisited problem (1) and developed a numerical scheme based on interface-fitted meshes. This project
is motivated by the difficulty of correctly estimating the gradient jumps observed with the numerical strategies
implemented in YALES2BIO. The proposed scheme is based on design principles presented in [5] and belongs to
the class of polytopal methods. One of the main reasons to choose this framework is the flexibility offered by
supporting generic polygonal meshes for problems with an immersed boundary. An interface-fitted mesh
can be easily generated by cutting an initial mesh along the interface (figure 3). Since the interface resolution
is independent from that of the background mesh, the scheme is well suited to approximate solutions where
the boundary is curved without a significant increase of degrees of freedom in the volume.

Context
To define the scheme, we consider, for • ∈ {int, ext}, a polygonal partition T •

h of Ω•, as well as the sets E•
h and

V•
h collecting respectively the edges and vertices of elements in Th. For a polynomial degree k ≥ 0 arbitrary,

we define the spaces

V k
•,h :=

{
vh =

(
(vT )T ∈T •

h
, (vE)E∈E•

h
, (vV )V ∈V•

h

)
: vT ∈ Pk−1(T ) for all T ∈ T •

h ,

vE ∈ Pk−1(E) for all E ∈ E•
h,

vV ∈ R for all V ∈ V•
h

}
,

where Pk(X) is the space of polynomials of order up to k defined on X. The discrete space for seeking the
solution is

V k
h := V k

int,h × V k
ext,h,

as well as the subspace V k
h,0 with zero values on ∂Ω. The discrete space is characterized by hybrid degrees of

freedom associated with geometric entities of different dimensions. The doubling of degrees of freedom at the
interface allows representing discontinuous solutions. To define in a discrete sense the operators appearing in
the weak form of (1), we introduce local reconstructions on each element.
Results
For this method, we provided a stability analysis and an a priori error estimate in terms of the mesh diam-
eter and the chosen polynomial degree. In particular, we showed that the convergence error in a norm penalizing
derivatives up to order 1 is controlled by a factor h(k+1), h being the diameter of Th, if the continuous solution
is sufficiently regular. The stability of the scheme is independent of the conductivity ratio. The scheme was
adapted to represent the temporal evolution of the transmembrane potential according to the model proposed
in [13]. The detailed results of this module are the subject of [6] (https://doi.org/10.1016/j.jcp.2025.113920).

Outlook
It would be interesting to study how the simple treatment of transmission conditions and the ability to accu-

rately represent variable jumps could generalize. Transmission conditions across an immersed interface are a
feature of other models and are not limited to electric potential descriptions. It would be interesting to evaluate
how the method could adapt to modeling one-dimensional objects such as fractures in geologic contexts or cilia
in a biomedical context. A follow-up to this project is described in section 5.3, and it is related to a moving
interface model.
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(a) Polygonal mesh obtained by cutting a sim-
plicial mesh along an immersed boundary

(b) Detail of an interface with fine resolution
relative to the background mesh

(c) Nonconforming refinement of elements close
to the interface

Figure 3: Section 5.2; example of generic meshes supported by the Discrete De Rham method. In the generated
mesh, data and the numerical solution can exhibit jumps only across element boundaries.
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5.3 A capsule simulator supporting polygonal meshes

Motivation
The objective is to extend the polygonal discrete framework introduced in section 5.2 to the full simulation of

red blood cells. To this end, we aim to introduce a simulator for the flow of a mobile elastic capsule immersed
in a fluid environment based on a mesh that adapts to the interface at each time step.

Context
As a reference model, we consider the one presented in [1]. In this 2D description, the capsule is represented

as a flexible membrane separating two fluid phases, and the flow is described by the Stokes equations. The
velocity and pressure are determined as the solution of a boundary value problem with transmission
conditions at the interface. We denote by Ω the domain, and we seek v : Ω → R2 and p : Ωint ∪ Ωext → R
such that

∇ · (µ(∇v + ∇T v) − pId) = 0 in Ω•, • ∈ {int, ext}, (2a)
∇ · v = 0 in Ω•, • ∈ {int, ext}, (2b)

[v] = 0 on Γ, (2c)
[σ] · nΓ = tΓ on Γ, (2d)∫

Ω
p = 0, (2e)

v = g on ∂Ω, (2f)

where µ ∈ L∞(Ω) is a kinematic viscosity coefficient discontinuous across the interface, tΓ ∈ L2(Γ,R2) repre-
sents a membrane tension distribution and g ∈ H1/2(∂Ω,R2) a boundary value. To numerically solve problem
(2), we adapt a Hybrid High-Order (HHO) scheme presented in [3], modified to incorporate the source
term tΓ. The velocity unknown is sought in the hybrid space

Uk
h :=

{
vh = ((vT )T ∈Th

, (vE)E∈Eh
) : vT ∈ Pk(T,R2), vE ∈ Pk(E,R2)

}
,

and the pressure is discretized in the space P k
h :=

{
p ∈ Pk(Th) :

∫
Ω p = 0

}
. The choice is motivated by the

ability of the scheme to support fitted meshes and by the possibility of statically condensing element variables
to reduce the size of the linear system. The stability analysis and convergence properties of the adapted scheme
remain unchanged. In particular, the error in an energy norm penalizing the velocity gradient converges like
h(k+1). As for the hybrid scheme introduced for problem (1), the design of discrete operators is based on local
reconstruction procedures. The Navier–Stokes solver is coupled with an explicit advancement scheme for the
positions of the interface vertices.

Results
The scheme was tested on reference flow configurations (figure 4). The numerical simulation of capsules based

on the HHO solver is the subject of a paper in preparation.

Outlook
For this project, it would be interesting to perform a comparison with the most widespread approaches for nu-

merically treating the surface/flow coupling. In particular, with the Immersed Boundary method implemented
in YALES2BIO and the Boundary Integral method (see [1]), the two main references in the field. To this aim,
it would be interesting to push the polytopal approach to its limits by showing on suitable configurations the
advantages offered by the independent boundary resolution and the possibility to apply local refinement around
the interface. This direction raises the question of an optimized implementation and the possible generalizations
of the cutting algorithms to 3D. This project could benefit from the support of a research engineer.
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(a) Illustrative scheme of the considered configuration
(from [10]): circular capsule deformed by a velocity
profile u with shear rate γ.

(b) Maximum membrane deformation at equilibrium
and velocity profile around the interface.

(c) Comparison of the capsule deformation ratio (major/minor axis) ob-
tained with the three methods: black dashed: Boundary Integral method
(reference), red: Immersed Boundary (YALES2BIO), blue: HHO solver.
The comparison is repeated for different values of the capillary number
Ca, representing the ratio between membrane elastic restoring forces and
viscous forces.

Figure 4: Section 5.3: the reference configuration considered is a capsule initially at rest subjected to a linear
shear. The result obtained with a simulator based on an HHO solver for problem (2) is compared with that
obtained by a Boundary Integral method [1] and with the one obtained in YALES2BIO with the Immersed
Boundary method.
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5.4 Hybrid schemes for Friedrichs systems

Motivation
Friedrichs systems, introduced in [9], are a class of first-order linear PDE systems providing a common

framework to treat elliptic, hyperbolic or mixed-type equations. Considering m ∈ N and a bounded
polytopal domain Ω ⊂ Rd, let K ∈ L∞(Ω,Cm×m), and, for i ∈ {1, . . . , d}, Ai ∈ L∞(Ω,Cm×m)∩ C0, 1

2 (Ω,Cm),
with AH = A almost everywhere in Ω, such that for some r♭ > 0,

K + KH −
d∑

i=1
∂iAi ≥ 2r♭

almost everywhere in Ω. Let N ∈ L∞(∂Ω,Cm×m) be defined as N =
∑d

i=1 Aini, where ni is the i-th Cartesian
component of the outward normal to ∂Ω. With f ∈ L2(Ω,Cm) and M ∈ L∞(∂Ω,Cm×m), we seek u : Ω → Cm

satisfying

Ku +
d∑

i=1
Ai∂iu = f in Ω, (3)

(M − N )u = 0 on ∂Ω. (4)

Among the examples of systems fitting the framework (3) are the time-harmonic Maxwell equations and
the diffusion-advection-reaction equation in mixed form [7] with Dirichlet, Neumann or mixed boundary
conditions. An existence and uniqueness proof for weak solutions was provided in [7]. In the same work, a
Discontinuous Galerkin type scheme for a generic Friedrichs system is introduced. The aim of the project is
the hybridization of this scheme, allowing a reduction of the total number of degrees of freedom through a
static condensation procedure that eliminates element unknowns.

Results
We presented a new numerical scheme based on the hybrid unknown space

Uk
h :=

{
vh = ((vT )T ∈Th

, (vF )F ∈Fh
) : vY ∈ Pk(Y ;Cm) for all Y ∈ Th ∪ Fh

}
,

where Th is a set of polytopes forming a mesh of Ω, Fh is the set of all faces of the polytopes in Th and k is an
arbitrary polynomial degree. The inf-sup stability of the method is ensured by a consistent stabilization term
inspired by an upwind-like penalization introduced in [7]. The convergence of the numerical solution to the
exact one with an order h(k+ 1

2 ) is proved in a norm that includes the L2 norm of the directional derivative
and the constants appearing in the error estimate are made explicit with respect to the equation coefficients.
The method was numerically tested for two examples of Friedrichs systems in 3D: a scalar diffusion-advection-
reaction equation and a vectorial equation appearing in magnetohydrodynamics to describe diffusion/advection
of the magnetic field. This work is reported in [4](https://arxiv.org/abs/2602.10890).

Outlook
One of the objectives of the ongoing postdoc is the specialization to the case of two-block systems, in which

the variable is decomposed into a potential/flux pair. This applies in particular to second-order equations
written in mixed form. Under standard assumptions on the structure of the matrix K it is possible to write
a scheme in which the flux variable is discretized in a space without face polynomials, allowing its static
elimination. From the analysis point of view, it would be particularly interesting to identify superconvergence
of the method under assumptions on the local regime, by introducing cellwise dimensionless numbers describing
the relative magnitude of the equation terms. Other direct outcomes would be time discretization of a hyperbolic
system as well as the integration of nonlinear terms.
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6 Appendices

6.1 Pre-defense report by Ms Lisl Weynans

14



15



16



6.2 Pre-defense report by Mr Alexei Lozinski
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6.3 Defense report
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6.4 Degree diploma certificate
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