
Frédéric Paquin-Lefebvre
Position

{ 2021 – . . . : Postdoctoral researcher at École normale supérieure and Université Paris Sciences & Lettres.
- Group of Applied Mathematics and Computational Biology of Dr. David Holcman
- Postdoctoral fellowships awarded:

· Natural Sciences and Engineering Research Council (NSERC) of Canada, Jan 2024 – Dec 2025
· Amount: 120 000 CAD $

· ARC Foundation for Cancer Research, France, Jan 2021 – Dec 2023
· Amount: 150 000 e

- Personal webpage: https://www.bio.ens.psl.eu/∼paquin/
{ 2026: Contract lecturer in mathematics at Université Sorbonne Paris Nord (Université Paris 13).

Education
{ Ph. D. in Applied Mathematics, The University of British Columbia, 2015 – 2020

- Thesis: On the Weakly Nonlinear Analysis of Coupled Bulk-Surface Reaction-Diffusion Systems: Theory,
Numerics and Applications.

- Advisors: Profs. Michael J. Ward and Wayne Nagata
{ M. Sc. in Applied Mathematics, Université de Montréal, 2012 – 2014

- Thesis: Sur un Modèle d’Érythropoïèse Comportant un Taux de Mortalité Dynamique.
- Advisor: Prof. Jacques Bélair

{ B. Sc. in Mathematics, Université de Montréal, 2009 – 2012

Publications
Preprints:
1. F. Paquin-Lefebvre, L. Kushnireva, Z. Xu, S. Kubler, T. Feofilaktova, S. Laughlin, N. Rouach,

E. Korkotian, D. Holcman. Synaptic Input Triggers On-Demand Spine-Specific Mitochondrial ATP
Production and Delivery, bioRxiv, doi.org/10.64898/2026.03.09.708229 (2026).

Book chapters:
2. Paquin-Lefebvre F, Holcman D. Modeling Ionic Flow Between Small Targets: Insights from Diffusion

and Electro-Diffusion Theory. In: Grebenkov, D., Metzler, R., Oshanin, G. (eds) Target Search Problems.
Springer, Cham (2024).

1. Dora M, Paquin-Lefebvre F, Holcman D. Analyzing Photoactivation with Diffusion Models to Study
Transport in the Endoplasmic Reticulum Network. In: Kriechbaumer, V. (eds) The Plant Endoplasmic
Reticulum. Methods in Molecular Biology, vol 2772. Springer US (2024).

Journal articles:
13. Paquin-Lefebvre F, Barea Moreno A, Holcman D. Voltage Laws in Nanodomains Revealed by Asymp-

totics and Numerical Simulations of Electro-Diffusion Equations. Multiscale Modeling and Simulation,
24(1), 365-397 (2026).

12. Paquin-Lefebvre F, Holcman D. Voltage Mapping in Subcellular Nanodomains Using Electro-Diffusion
Modeling. J. Chem. Phys. 161(3), 034108 (2024).

11. Paquin-Lefebvre F, Basnayake K, Holcman D. Narrow Escape in Composite Domains Forming Het-
erogeneous Networks. Physica D: Nonlinear Phenomena. 454, 133837 (2023).

10. Paquin-Lefebvre F, Toste S, Holcman D. How Large the Number of Redundant Copies Should Be to

https://www.bio.ens.psl.eu/~paquin/


Make a Rare Event Probable. Phys. Rev. E, 106, 064402 (2022).
9. Paquin-Lefebvre F, Holcman D. Modeling and Asymptotic Analysis of the Concentration Difference in

a Nanoregion Between an Influx and Outflux Diffusion Across Narrow Windows. Proc. R. Soc. A. 477:
20210501, (2021).

8. Paquin-Lefebvre F, Iyaniwura S, Ward MJ. Asymptotics of the Principal Eigenvalue of the Laplacian
in 2-D Periodic Domains with Small Traps. Europ. J. Appl. Math. 1-28 (2021).

7. Gomez D, Iyaniwura S, Paquin-Lefebvre F, Ward MJ. Pattern Forming Systems Coupling Linear Bulk
Diffusion to Dynamically Active Membranes or Cells. Phil. Trans. R. Soc. A. 379: 20200276, (2021).

6. Kolokolnikov T, Paquin-Lefebvre F, Ward MJ. Competition Instabilities of Pulse Patterns for the 1-D
Gierer-Meinhardt and Schnakenberg Models are Subcritical. Nonlinearity. 34(1), 273-312 (2021).

5. Kolokolnikov T, Paquin-Lefebvre F, Ward MJ. Stable Asymmetric Spike Equilibria for the Gierer-
Meinhardt Model with a Precursor Field. IMA J. Appl. Math. 85(4), 605–634 (2020).

4. Paquin-Lefebvre F, Nagata W, Ward MJ. Weakly Nonlinear Theory for Oscillatory Dynamics in a 1-D
PDE-ODE Model of Membrane Dynamics Coupled by a Bulk Diffusion Field. SIAM J. Appl. Math. 80(3),
1520–1545 (2020).

3. Paquin-Lefebvre F, Xu B, DiPietro KL, Lindsay AE, Jilkine A. Pattern Formation in a Coupled
Membrane-Bulk Reaction-Diffusion Model for Intracellular Polarization and Oscillations. J. Theor. Biol. 497,
110242 (2020).

2. Paquin-Lefebvre F, Bélair J. On the Effect of Age-Dependent Mortality on the Stability of a System of
Delay-Differential Equations Modeling Erythropoiesis, Acta Biotheor. 68, 5–19 (2020).

1. Paquin-Lefebvre F, Nagata W, Ward MJ. Pattern Formation and Oscillatory Dynamics in a Two-
Dimensional Coupled Bulk-Surface Reaction-Diffusion System. SIAM J. Appl. Dyn. Syst. 18(3), 1334–1390
(2019).

Peer-review activities:
{ Physical Review E (3)
{ Journal of Mathematical Biology (2)
{ Proceedings of the Royal Society A (2)
{ PLOS Computational Biology (1)
{ Journal of Physics A: Mathematical and Theoretical (1)
{ SIAM Journal on Applied Dynamical Systems (1)
{ Discrete and Continuous Dynamical Systems Series B (1)
{ Nonlinear Dynamics (1)
{ International Journal of Bifurcation and Chaos (1)
{ International Journal of Systems Science (1)

Students Supervision
1. Alejandro Barea Moreno, Master Mathématiques de la Modélisation at Sorbonne Université, 2024.
{ Topic: Electro-diffusion theory and nonlinear Poisson-Nernst-Planck equations.
Next position: PhD student in math biology with Prof. Sara Merino-Aceituno (U. Vienna).

2. Élisa Delbreil, Fourth-year student at École Poltechnique, 2025.
{ Topic: Extreme statistics for 2-D diffusion process with killing.
Next position: Master student in probability, Université Paris-Saclay.

Teaching
Université Sorbonne Paris Nord:
{ Chargé de Travaux Dirigés, cours Probabilités et statistique (L2 Mathématique) et Algèbre 2 (L1

Informatique, Mathématique et Double Licence), 2026. Reference: Prof. Yueyun Hu.
The University of British Columbia:



{ Lecturer for the course Integral Calculus with Applications to Physical Sciences and Engineering (MATH
101), 2020. Reference: Prof. Anthony Wachs.

{ From 2016 to 2020 I was a teaching assistant for a variety of courses including Engineering Analysis
(MATH 358), Vector Calculus for Electrical Engineering (MATH 264), Complex Analysis (MATH 301
and 305), Variational and Approximate Methods in Applied Mathematics (MATH 406) and Multivariable
Calculus (MATH 253).

Université de Montréal:
{ Teaching assistant for the course Introduction à l’Analyse Numérique (MAT 2412), 2012 – 2013. Refer-

ence: Prof. Robert G. Owens.

Seminars and Conferences
Invited seminar presentations:

13. Solutions numériques et asymptotiques des équations Poisson-Nernst-Planck., Laboratoire MSME, Uni-
versité Gustave-Eiffel, host: Dr. Savas Can Selçuk, March 26th 2026.

12. Électro-diffusion et équations de Poisson-Nernst-Planck pour modéliser le voltage intracellulaire. Séminaire
MBI, LAGA, Séminaire Sorbonne Paris Nord, host: Prof. Thanh Mai Pham Ngoc, October 17th 2025.

11. Modeling voltage dynamics in subcellular domains using electro-diffusion theory. Neurosection seminar,
IBENS, host: Dr. Laetitia Mony, June 24th 2025.

10. How geometry affects ionic flow and voltage response in cellular nanodomains, Seminar at the Institute
of Ecology and Evolution, University of Bern, host: Dr. Xiang-Yi Li Richter, July 9th 2024, Bern,
Switzerland.

9. Problèmes d’échappée belle dans les microdomaines organisés en réseaux, Séminaire A3 du LAMFA,
Université de Picardie Jules-Vernes, host: Prof. Paul Vigneaux, October 2nd 2023, Amiens, France.

8. Problèmes d’échappée belle dans les microdomaines organisés en réseaux, Séminaire du LJAD, Université
Côte d’Azur, host: Claire Guerrier (CR CNRS), June 16th 2023, Nice, France.

7. The narrow escape problem for diffusion. Séminaire de l’Institut de Biologie de l’Université de Neuchâtel,
host: Dr. Xiang-Yi Li Richter, February 22nd 2023, Neuchâtel, Suisse.

6. Asymptotic Analysis of the Concentration Difference Due to Diffusive Fluxes Across Narrow Windows.
UBC Math Biology Virtual Seminar (Zoom), host: Prof. Leah-Edelstein Keshet, February 9th 2022,
Vancouver, Canada.

5. Bulk-Surface Coupled Models: Coupling Passive Diffusion in Bounded Domains to Dynamically Active
Boundaries. Virtual Zoom Talk at the Interdisciplinary Center for Quantitative Modeling in Biology
(ICQMB), University of California Riverside, host: Prof. Jia Gou, Jan. 26th 2021, Riverside, USA.

4. Bulk-Surface Coupled Models: Coupling Passive Diffusion in Bounded Domains to Dynamically Active
Boundaries. UBC Department of Mathematics Colloquium (Virtual) in recognition of a Graduate
Research Award, host: Prof. Lior Silberman, November 27th 2020, Vancouver, Canada.

3. Pattern Formation in a Coupled Membrane-Bulk Reaction-Diffusion Model for Intracellular Polarization
and Oscillations. CRM (Centre de Recherche Mathématiques) Applied Maths Seminar, McGill University,
host: Prof. Jean-Philippe Lessard, September 30th 2019, Montréal, Canada.

2. Pattern Formation and Oscillatory Dynamics in a 2-D Coupled Bulk-Surface Reaction-Diffusion System.
Applied Maths Seminar, University of Notre-Dame, hosts: Prof. Alan Lindsay and Alexandra Jilkine,
August 28th 2018, South Bend, USA.

1. Bifurcations dans les Systèmes Couplés EDOs-EDPs. Séminaire du Groupe Interdisciplinaire de Recherche
en Éléments Finis (GIREF) de l’Université Laval, host: Prof. Jean-Philippe Lessard, December 16th
2016, Québec, Canada.

Conference talks:
9. Bulk-Surface Coupled Models: Coupling Passive Diffusion in Bounded Domains to Dynamically Active

Boundaries, SIAM Conference on Nonlinear Waves and Coherent Structures, NWCS22, Aug. 30th 2022,



University of Bremen, Allemagne.
8. Bulk-Surface Coupled Models: Coupling Passive Diffusion in Bounded Domains to Dynamically Active

Boundaries, SIAM Conference on Applications of Dynamical Systems, DS21, May 23rd 2021, (virtual).
7. A Study of Two-Spike Equilibria in the 1-D Gierer-Meinhardt Model, Annual Meeting of the Canadian

Applied and Industrial Mathematics Society, CAIMS2020, July 10th 2020, (virtual).
6. Spatio-temporal Pattern Formation in 2-D Coupled Bulk-Surface Reaction-Diffusion Systems, PIMS -

Germany Workshop on Modeling and Analysis of PDEs for Biological Applications, June 25th 2019,
Heidelberg, Germany.

5. Spatio-temporal Pattern Formation in 2-D Coupled Bulk-Surface Reaction-Diffusion Systems, SIAM
Conference on Applications of Dynamical Systems, DS2019, May 10th 2019, Snowbirds, Utah, USA.

4. Pattern Formation and Oscillatory Dynamics in a 2-D Coupled Bulk-Surface Reaction-Diffusion System,
Advanced Summer School on Continuation Methods for Nonlinear Problems, August 13th 2018, University
of Illinois at Urbana-Champaign, USA.

3. Pattern Formation and Oscillatory Dynamics in a 2-D Coupled Bulk-Surface Reaction-Diffusion System,
Annual Meeting of the Canadian Applied and Industrial Mathematics Society, CAIMS2018, June 6th
2018, Ryerson University, Toronto, Canada.

2. Interactions of 1-D Bulk Diffusion with Localized Reactions, Annual Meeting of the Canadian Applied
and Industrial Mathematics Society, CAIMS2017, July 20th 2017, Dalhousie University, Halifax, Canada.

1. Complex Dynamics and Patterns in a 2-D Coupled Model of Bulk Diffusion and Surface Reaction, Annual
Meeting of the Canadian Applied and Industrial Mathematics Society, CAIMS2016, June 29th 2016,
University of Alberta, Edmonton, Canada.

Poster presentations:
3. Voltage mapping in subcellular nanodomains using electro-diffusion modeling. Poster presentation at the

8th Edwards Symposium – Statistical Physics of Soft and Multicomponent Systems, Sept. 11-13rd 2024,
University of Cambridge, Cambridge, UK.

2. Complex Dynamics and Patterns in a Coupled Model of Bulk Diffusion and Surface Reaction, Séminaire
de Mathématiques Supérieures on Dynamics of Biological Systems, SMS2016, June 1st 2016, University
of Alberta, Edmonton, Canada.

1. Mathematical Modeling of Erythropoiesis, Frontiers in Biophysics Conference, FIB2015, March 14th 2015,
The University of British Columbia, Vancouver, Canada.

Workshops
{ PIMS – Germany Workshop on Modeling and Analysis of PDEs for Biological Applications, Heidelberg,

Germany, June 24 – 26 2019.
{ Advanced Summer School on Continuation Methods for Nonlinear Problems, University of Illinois at

Urbana-Champaign, August 23 – 24 2018.
{ Workshop on Numerical Methods for PDEs on Surfaces, Vancouver, June 11 – 15 2017.
{ Graduate Summit in Mathematical Biology and Applied PDE, Jasper, May 25 – 28 2017.
{ Séminaire de Mathématiques Supérieures on Dynamics of Biological Systems, University of Alberta, May

29 to June 11 2016.
{ 2015 CAMBAM-MBI-NIMBioS Summer School on Nonlinear Dynamics of Biological Systems, McGill

University, June 1 – 12 2015.
{ AARMS Summer School on Dynamical Systems and Mathematical Biology, Memorial University of

Newfoundland, July 15 to August 9 2013.

Grants and Awards
{ NSERC Postdoctoral fellowship, Jan 2024 – Dec 2025.
{ Postdoctoral fellowship from the Fondation ARC pour la Recherche sur le Cancer, Jan 2021 – Dec 2023.



{ AARMS Postdoctoral Fellowship, Dalhousie University, 2020 (declined).
{ Graduate Research Award, Department of Mathematics, UBC, 2020.
{ Stanley M Grant Scholarship, Department of Mathematics, UBC, 2018.
{ NSERC Doctoral Award, UBC, 2015-2017.
{ Four Year Doctoral Fellowship (FYF), UBC, 2015-2018.
{ Admission Fellowship, Institute of Applied Mathematics, UBC, 2015.
{ FRQNT Doctoral Award, UdeM, 2014 (declined).
{ FRQNT Master Research Scholarship, UdeM, 2013 – 2014.
{ B. Sc. admission scholarship from the Faculté des Arts et des Sciences, UdeM, 2009 – 2010.

Relevant Skills
{ Languages: French, English and Spanish.
{ Scientific computing with MATLAB, COMSOL Multiphysics and FlexPDE.
{ Symbolic computing with Maple and Mathematica.
{ Numerical bifurcation software and path-following continuation methods: AUTO, XPP/XPPAUT,

MatCont, coco and pde2path.
{ Experience with Java, python, C/C++ and R.
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