European Mathematical Society Magazine

E_MS Magazine

Tom Hutchcroft
Are there non-trivial theorems about
all finitely generated groups?

Emine Yildinm
The Math Solidarity Platform

Alice Fialowski
On the European Solidarity Committee
of the EMS

Constantine M. Dafermos
Obituary of Peter Lax

EUROPEAN
MATHEMATICAL
SOCIETY




Memoirs of the European Mathematical Society

Edited by Anton Alekseev (Université de Geneve), Hélene Esnault (Freie Universitat Berlin), Gerard van der Geer (Universiteit van
Amsterdam), Ari Laptev (Imperial College London), Laure Saint-Raymond (Institut des Hautes Etudes Scientifiques),
Susanna Terracini (Universita degli Studi di Torino)

The Memoirs of the European Mathematical Society publish outstanding
MEMOIRS OF THE EUROPEAN MATHEMATICAL SOCIETY research contributions in individual volumes, in all areas of mathematics and
with a particular focus on works that are longer and more comprehensive than
usual research articles.

Memoirs of the The collection’s editorial board consists of the editors-in-chief of the Journal
Eu ropean of the European Mathematical Society and the EMS Surveys in Mathematical

Mathematical
Society

Sciences, along with editors of book series of the publishing house of the EMS
as well as other distinguished mathematicians.

All submitted works will go through a highly selective peer-review process.
Memoirs of the European Mathematical published in 2026
Yaniv AlImog (Braude College of Engineering) and Bernard Helffer (CNRS and
Nantes Université)

On the Stability of Symmetric Flows in a Two-Dimensional Channel
Alexander Bors, Daniel Panario (Carleton University) and Qiang Wang (Carleton

University)
Functional Graphs of Generalized Cyclotomic Mappings of Finite Fields

Peter Schneider (University of Mlnster) and Otmar Venjakob (Heidelberg
University)
Reciprocity Laws for (¢, I')-Modules over Lubin-Tate Extensions
For more details visit ems.press/mems

Anne-Laure Dalibard (Sorbonne Université, Université Paris Cité, CNRS, INRIA),
ISSN print 2747-9080 Frédéric Marbach (Ecole normale supérieure, Université PSL, CNRS) and Jean
ISSN digital 2747-9099 Rax (Sorbonne Université, Université Paris Cité, CNRS)
Linear and Nonlinear Parabolic Forward-Backward Problems

Lucas Ertzbischoff (Université Paris Dauphine-PSL) and Daniel Han-Kwan (CNRS

*20% discount on any book purchases for and Nantes Université)

individual members of the EMS, member societies On Well-Posedness for Thick Spray Equations

or societies with a reciprocity agreement when

ordering directly from EMS Press. Jérémie Bettinelli (CNRS and Ecole Polytechnque) and Grégory Miermont (Ecole

Normale Supérieure de Lyon and Institut Universitaire de France)
Compact Brownian Surfaces Il

EMS Press is an imprint of the European Mathematical Society — EUROPEAN
EMS — Publishing House GmbH StraRe des 17. Juni 136 | 10623 MATHEMATICAL
Berlin | Germany https://ems.press | orders@ems.press 5 SOCIETY
| [— ]

ADVERTISEMENT



26

33

35

37

42

48

51

56

58

59

EMS Magazine 139

A message from the president
Jan Philip Solovej

Brief words from the editor-in-chief
Donatella Donatelli

Are there non-trivial theorems about all finitely generated groups?
Tom Hutchcroft

The Math Solidarity Platform
Emine Yildinm

On the European Solidarity Committee of the EMS
Alice Fialowski

The hidden art in things breaking apart
Julien Meyer

Are all bets off when it comes to agreement gambles?
Bahareh Zahirodini and Moinak Bhaduri

Obituary of Peter Lax
Constantine M. Dafermos

The Fermat Museum in Beaumont-de-Lomagne (France), a new place to love mathematics
Maryvonne Spiesser

Nineteen years of ICMAT: strengthening excellence in mathematical research
Javier Aramayona and Agata Timén Garcia-Longoria

Renewing doctoral education in Finland — with applied mathematics at the forefront
EMYA column
Mikko Helenius, Tanja Tarvainen and Siiri Utriainen

Thematic Working Group on Mathematics for Work, Society and Personal Development: Lifelong Learning, TWG7
ERME column
Michele Giuliano Fiorentino, Peter Frejd, Pauline Vos, Javier Diez-Palomar, Oda Heidi Bolstad and Rosa Alberto

Book reviews

Letter concerning a review of the Handbook of the History and Philosophy of Mathematical Practice
Stelios Negrepontis, Athanase Papadopoulos and Bharath Sriraman

New editor appointed

Toy model for a career in academia
Constanza (Coni) Rojas-Molina



European Mathematical Society Magazine

Editor-in-Chief

Donatella Donatelli
Universita degli Studi dell’Aquila
donatella.donatelli@univaq.it

Editors

Boris Adamczewski
CNRS; Université de Lyon
boris.adamczewski@math.cnrs.fr

Antoénio B. Araljo (Art & mathematics)
Universidade Aberta
antonio.araujo@uab.pt

Karin Baur (Raising public awareness)
Ruhr-Universitat Bochum
karin.baur@ruhr-uni-bochum.de

Krzysztof Burnecki (Industrial mathematics)
Wroctaw University of Science and Technology
krzysztof.burnecki@pwr.edu.pl

Jason Cooper (Maths education)
Weizmann Institute of Science
jason.cooper@weizmann.ac.il

Michele Coti Zelati (Book reviews)
Imperial College London
m.coti-zelati@imperial.ac.uk

Jezabel Curbelo (Research centers)
Universitat Politécnica de Catalunya
jezabel.curbelo@upc.edu

Ralf Kromer (History of mathematics)
Bergische Universitat Wuppertal
rkroemer@uni-wuppertal.de

Youcef Mammeri (Features and discussions)
Université Jean Monnet Saint-Etienne
youcef.mammeri@math.cnrs.fr

UIf Persson (Interviews and discussions)
Chalmers Tekniska Hogskola
ulfp@chalmers.se

Matteo Petrera (Zentralblatt column)

FIZ Karlsruhe

Leibniz Institute for Information Infrastructure
matteo.petrera@fiz-karlsruhe.de

Jesse Railo (Young mathematicians column)
Lappeenranta-Lahti University of Technology
jesse.railo@lut.fi

Marie E. Rognes (Features and discussions)
Simula Research Laboratory, Oslo
meg@simula.no

Bruno Teheux (Features and discussions)
University of Luxembourg
bruno.teheux@uni.lu

The views expressed in the European Mathematical Society Magazine
are those of the authors and do not necessarily represent those of
the European Mathematical Society (EMS) or the Editorial Team.

For advertisements and reprint permission requests please contact
magazine@ems.press.

Published by EMS Press, an imprint of the

European Mathematical Society — EMS — Publishing House GmbH
Technische Universitat Berlin, Institut fir Mathematik,

StralRe des 17. Juni 136, 10623 Berlin, Germany

https://ems.press
info@ems.press

Typesetting: Tamas Bori, Nagyszékely, Hungary
Printing: Beltz Bad Langensalza GmbH, Bad Langensalza, Germany

ISSN (print) 2747-7894; ISSN (online) 2747-7908
© 2026 European Mathematical Society

@ ® The content of this issue is licensed under a CC BY 4.0 license,
with the exception of advertisements, logos and branding of the European
Mathematical Society and EMS Press, and where otherwise noted.
Also excluded are the images on pages 3, 4, 21-24, 34, 45, 46, 51, 52, 54.

The cover illustration by Anténio B. Araujo is a composition on the 2026
theme of the International Day of Mathematics: ‘Mathematics and Hope.'

EMS MAGAZINE 139 (2026)


mailto:donatella.donatelli@univaq.it
mailto:boris.adamczewski@math.cnrs.fr
mailto:antonio.araujo@uab.pt
mailto:karin.baur@ruhr-uni-bochum.de
mailto:krzysztof.burnecki@pwr.edu.pl
mailto:jason.cooper@weizmann.ac.il
mailto:m.coti-zelati@imperial.ac.uk
mailto:jezabel.curbelo@upc.edu
mailto:rkroemer@uni-wuppertal.de
mailto:youcef.mammeri@math.cnrs.fr
mailto:ulfp@chalmers.se
mailto:matteo.petrera@fiz-karlsruhe.de
mailto:jesse.railo@lut.fi
mailto:meg@simula.no
mailto:bruno.teheux@uni.lu
mailto:magazine@ems.press
https://ems.press
mailto:info@ems.press
https://creativecommons.org/licenses/by/4.0/

A message from the president

The big European Mathematical Soci-
ety event of the year is the EMS council
meeting to be held in Lisbon, Portugal
on June 27-28, 2026. This is the big
biennial meeting where our members,
both society and individual members,
will send delegates to help to set the
direction of the EMS in the next two
years. | am looking forward to this
chance to interact with our members,
and | hope many delegates will be able
to attend. At every council we elect new representatives for four-
year terms on the EMS Executive Committee. This coming council
is particularly important as we will be electing a new president. My
term as president will be coming to an end with this calendar year,
and | am looking forward to meeting the new president elected by
the councdil. I will be working closely with the new president-elect
after the council to secure a continued successful running of the
EMS and a successful transition of the presidency.

The really big mathematical event of the year is the Interna-
tional Congress of Mathematicians (ICM) to be held in Philadelphia
in July. This will be an occasion to meet mathematicians from across
the world and to celebrate the great achievements of mathematics
and mathematicians. As is well known, the last ICM to be held
in Saint Petersburg was canceled because of the Russian war on
Ukraine. Unfortunately, this year concerns have been raised once
again about the political situation and the safety of participants
traveling to the United States. While we fully acknowledge the
validity of these concerns the EMS is supporting the IMU and
the local organizers of the ICM in their continued efforts to cre-
ate a safe, inclusive, and interesting congress. The EMS will have
a stand at the ICM shared with EMS Press and zbMATH Open.
My personal opinion is that the European Mathematical Society

Photo by Jim Hayer,
University of Copenhagen.

should be active in science politics and in the goal of achieving
academic freedom worldwide, not in world politics more generally.
We should work for worldwide collaborations among mathemati-
cians. We should, when possible, break barriers and not create
them. For this reason, | have decided to participate in the ICM
and to represent the EMS at the IMU General Assembly to be held
in New York just before the ICM. | am looking forward to going.
I would be sorry to miss this or any other opportunity to celebrate
mathematics.

Nevertheless, | am writing this with a bit of apprehension. The
current state of the world is unfortunately very frightening and un-
stable. When | first became president the former president, Volker
Mehrmann, told me that my term could only be easier than his
because he had to deal with both COVID and the war in Ukraine.
While my presidency has not been affected by something as directly
life changing as a pandemic the political situation is probably worse
now and even more complicated and unstable. As | am writing
this message the war launched by the U.S. and Israel on Iran just
started a few days ago. The situation may look very different by
the time you read this and even more so as we approach summer.
I sincerely hope it will not affect the congress in Philadelphia too
much and that we will have a very successful gathering.

Let me end this message on a positive note. | hope many of you
have enjoyed the EMS Lecture Series on Mathematics Education’
moderated by Tom Crawford. If you could not follow the first three
by Anna Stokke, Nuno Crato & Tim Surma, and Hung-Hsi Wu you
can still watch them on our YouTube channel.? | encourage you to
do so. The next lecture is by Sarah Powell on April 10.

Finally, 1 am looking forward to meeting many of you as
delegates or guests at the council in Lisbon in June.

Jan Philip Solovej
President of the EMS

T https://euromathsoc.org/news/ems-lecture-series-on-mathematics-education-190

2 https://www.youtube.com/@EuropeanMathematicalSociety/streams
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Brief words from the editor-in-chief

Dear readers of the EMS Magazine,

In this issue, you will find many
interesting contributions in the usual
columns on discussions, societies, ed-
ucation, and book reviews, as well as
another article by one of the 2024
EMS Prize winners, this time written
by Tom Hutchcroft.

Moreover, with the current issue
a new editor is joining the editorial board: Matteo Petrera, who
will take care of the Zentralblatt column. A short biographical note
about him can be found at the end of the issue. | would like to
thank the former editor, Octavio Paniagua Taboada, for his superb
work and dedication during his eight years of service on the Mag-
azine's editorial board. | am also grateful to Matteo Petrera for
accepting to devote part of his time to the Magazine.

Finally, it is very important for me to emphasize that with this
issue the Magazine joins the celebration of the International Day of
Mathematics,® whose theme for 2026 is: Mathematics and Hope.

3 https://www.idm314.org

In this regard | invite you to take a look at the articles: “The Math
Solidarity Platform” by Emine Yildirm and “On the European Soli-
darity Committee of the EMS” by Alice Fialowski, as well as at the
Magazine's cover illustration by A. B. Araujo.

Mathematics, with its universal language can be understood
as a bridge: a structure that connects what seems distant, frag-
mented, or even incompatible. It connects cultures, disciplines,
generations, and ideas. In doing so, it becomes a source of hope.
Each generation builds upon the discoveries of those before it. This
continuity offers hope because it situates us within a long human
story of inquiry and progress. Knowledge is not lost; it is transmit-
ted, refined, expanded. We are not starting from nothing, we are
building forward. Mathematical collaboration creates communities
of shared reasoning. It connects minds across borders, ideas across
centuries, abstraction and reality, challenge and solution.

Hope arises wherever connection replaces isolation.

Donatella Donatelli
Editor-in-chief
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Are there non-trivial theorems about all finitely generated groups?

Tom Hutchcroft

We discuss several interpretations and potential counterexamples
to the meta-mathematical question in the title of the paper, focus-
sing on geometric group theory and probability on groups.

I shall not today attempt further to define the kinds of
material | understand to be embraced within that shorthand
description, and perhaps | could never succeed in intelligibly
doing so. But | know it when | see it, and the motion picture
involved in this case is not that.

Jacobellis v. Ohio, 378 U.S., p. 197 (Stewart, J., concurring)

1 Thesis

The goal of this article is to give a light-hearted and, hopefully,
thought-provoking critique of the following famous aphorism:

“Theorem”. If a property is satisfied by all finitely generated
groups, then it must be satisfied for trivial reasons.

This “theorem” is often attributed’ to Gromov, the father of
the field known as geometric group theory, who may have in-
tended it as a joke. In geometric group theory, one seeks to
understand groups as geometric objects, starting with the ob-
servation that if G is a group with finite generating set S (meaning
that G does not have any strict subgroups containing S), then G
acts by isometries on its Cayley graph Cay(G, S), the graph with
vertex set G and where two vertices x and y are connected by an
edge if x = ys orx = ys~' for some s € S. (Technically this defines
the right Cayley graph, on which G acts by /eft multiplication.)

" Ghys and de la Harpe [22] write “On attribue a M. Gromov I'affirmation
suivant laquelle un théoréme valable pour tous les groupes ne peut etre
que trivial ou sans importance,” which is of course a slightly different
statement. Interpreters of this quote should bear in mind that geometric
group theorists will often leave the words “finitely generated” implicit
and talk simply of “groups,” especially in oral communication with
colleagues.
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The resulting graph metric on G is called a word metric. Although
different Cayley graphs of G need not be isomorphic, they are
always bi-Lipschitz equivalent in the sense that for any two such
metrics there exist positive constants ¢ and C such that cd, (x,y) <
d1(x,y) < Cd,(x,y). (This is analogous to how all norms on R
are equivalent.) As such, one can always consider a finitely gener-
ated group as a “geometric” object up to bi-Lipschitz equivalence.
In fact, one typically works with a larger family of equivalences
known as quasi-isometries (in which one also allows distances to
be distorted by additive constants), which has the advantage that
finitely generated groups are quasi-isometric to their finite-index
subgroups and Z¢ is quasi-isometric to RY. Flipping this perspect-
ive on its head (and slightly extending the scope of geometric
group theory from finitely generated groups to compactly gen-
erated, locally compact groups), one can alternatively think of
geometric group theory as a language for the study of arbitrary
“homogeneous” geometric spaces, a subject that is of obvious
interest to geometers and which one need not be an algebraist
to appreciate or contribute to. (It is obligatory here to mention
the bridge between these two perspectives provided by the Svarc—
Milnor lemma, a.k.a. the fundamental observation of geometric
group theory, which states that if a group acts properly discon-
tinuously and cocompactly on a proper length space (X, d), then
G is finitely generated and its Cayley graphs are quasi-isometric
to X.)

Is the “theorem” not obviously false?

Leaving aside the question of how to define “trivial,” the first reac-
tion of a certain kind of mathematician upon reading the above
“theorem” will be to point out various obvious “counterexamples,”
perhaps starting with a “property of a group” defined through some
irrelevant but true and difficult-to-prove assertion; at least one of
“The Riemann hypothesis is true” or “The Riemann hypothesis is
false” will do. A more charitably minded mathematician might con-
tend that one is obviously not supposed to consider “properties”
of a group defined via such irrelevancies (that in this example do
not even reference the group), but instead point out “counter-
examples” that involve either conditional statements (“if P then Q")



or dichotomies (“P or Q"), an important example being Gromov’s
theorem:

If G has polynomial volume growth, then it is virtually nilpotent.

which is certainly a non-trivial statement concerning all finitely
generated groups. (Here a group is said to have polynomial volume
growth if the radius-r balls of one — and hence all - of its Cayley
graphs have cardinality at most (1 + r)¢ for some constant C, and
is said to be virtually nilpotent if it has a nilpotent subgroup of finite
index.) This is of course just one particularly prominent example
among countless others of a theorem stating that one property of
a finitely generated group implies another, and since many of these
theorems are clearly non-trivial (and pas sans importance), we
should be careful to exclude such conditional statements from the
“theorem.” There are also important, non-trivial theorems showing
that some complicated data associated to a group is equivalent
to some other complicated data,? or similarly that one quantity
associated to a group is always bounded by another quantity,®
which do not always “feel like” “counterexamples” to the “the-
orem” even though they do arguably pertain to a “property” of all
finitely generated groups. (What is a property?) Similarly, there are
e.g., several important theorems in percolation theory that hold on
general transitive graphs (e.g., the sharpness of the phase transition
and the mean-field lower bound on the critical volume tail [1]), but
which “feel like” properties of percolation rather than properties
of the group and which I do not personally find compelling as
“counterexamples” to the “theorem.” (There are other theorems
from percolation that do “feel like counterexamples” to me, which
| discuss below.)

It is not the intention of this article to develop a logical frame-
work specifying precise constraints to be placed on what “prop-
erties” the “theorem” applies to (if such a thing is even possible?).
Instead, | want to ask:

« What interesting examples are there, if any, of “counter-
examples” to the “theorem,” that is, non-trivial properties that
hold for all finitely generated groups?

« What is the value of the “theorem” as advice — that is, as a rule
of thumb cautioning mathematicians not to waste their time
working at an overly great level of generality in a way that is
unlikely to lead to interesting results?

2 A favourite example of mine from GGT being Olshanskii’s characterisa-
tion of metrics arising on G from word metrics on larger groups H via
embeddings G = H [49, 50], up to bi-Lipschitz equivalence, as exactly the
left-invariant metrics of at most exponential volume growth.

3This includes the various inequalities relating the volume growth, iso-
perimetry, heat-kernel decay, entropy, and rate of escape of the random
walk as surveyed in [63]. Many of these relationships hold for arbitrary
bounded-degree graphs and are not really specific to groups.

4 Philosophers have attempted to solve similar problems using so-called
relevance logics (a.k.a. relevant logics) [45].

For both questions, it will be interesting to examine not just the-
orems that apply to all finitely generated groups, but also those
applying to very large classes of such groups, such as all infinite
finitely generated groups. For the first question, | hope to con-
vince the reader that there are unambiguous counterexamples
to the theorem that are of genuine mathematical interest and
do not involve any “cheating” via irrelevant or conditional state-
ments as above. For the second, the answer is more complicated:
while the implicit advice of the “theorem” does usefully guard
against certain naive mathematical endeavours, it may also lead
to an excessively pessimistic outlook that | hope to offer some
respite from.

Dreams or nightmares?

| was motivated to write this article partly by an interesting cul-
tural difference® | have observed between probabilists and group
theorists regarding problems at the intersection of their interests:
Many of the problems probabilists find most interesting about
“probability on groups” concern very large classes of (finitely
generated) groups, such as all infinite groups, all non-amenable
groups, all groups of at least quadratic growth, etc. Two prominent
open problems of this flavour are the Benjamini-Schramm con-
jecture [4], which asserts that percolation on any non-amenable
Cayley graph has a non-trivial phase in which there are infinitely
many infinite clusters, and the Liouville stability problem, which
asks whether the Liouville property (all bounded harmonic func-
tions are constant) is independent of the choice of generating
set for all finitely generated groups; experts strongly believe the
Benjamini—Schramm conjecture to be true (see [28, 29, 53] for par-
tial results), while there is less consensus on the Liouville stability
problem.

Two further important open problems coming internally from
within group theory that involve putative properties of all finitely
generated groups include the question whether all finitely gener-
ated groups are sofic [33] and Gaboriau’s problems of fixed price
and cost vs. Betti number [21]. For the first of these problems, it
is widely believed that non-sofic groups exist, and preprints have
recently appeared arguing that the closely related Connes embed-
ding conjecture and Aldous—Lyons conjecture are false [6, 7, 32].
(Interestingly, the methods of these papers are non-constructive
and do not yield explicit counterexamples.) There is less consensus
regarding Gaboriau’s problems.

®This difference appears to be orthogonal to other well-noted cultural
differences between “analysts” and “algebraists” pertaining to, say, the
two cultures of mathematics [23] and the manner in which they eat corn
on the cob [60].
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Regarding problems like this, | have often found probabilists
more likely to believe in positive solutions® while among group
theorists there is a strong tendency, informed in part by the above
“theorem,” to expect counterexamples to exist to any sufficiently
general conjecture that has resisted serious attempts at proof for
any length of time. This intuition is hard-won, and stems in part
from important negative results obtained via the construction of
pathological examples including Grigorchuk’s groups of intermedi-
ate volume growth [24] and Gromov—0Osajda monsters [52]; see
also, e.g., [9, 19,50, 51] for further examples. On the other hand,
while there is undoubtedly a degree of naivety behind the prob-
abilist’s attitude to these questions, it has also led to a number of
significant results over the years including, e.g., the solutions to the
Choquet-Deny problem [20], the p. < 1 problem [12, 17], and the
many important results proven about percolation on non-amenable
groups by subsets of Benjamini, Lyons, Peres, and Schramm in the
late 1990s [3, 40, 44]. My opinion is that optimism and pessimism
are both valuable and that mathematicians should endeavour not
to neglect either point of view.

2 Antithesis

We now discuss various possible “counterexamples” to the “the-
orem,” i.e., interesting, non-conditional statements applying to
all finitely generated groups whose only known proofs are non-
trivial. The examples we give are highly biased towards my own
research interests at the intersection of geometric group theory
and probability.

Cayley graphs with few automorphisms

Let us begin with the following theorem of Leemann and de la
Salle [38,39], which has the advantage that its statement is very
clean and easy to appreciate. Every finitely generated group acts
by automorphisms on each of its Cayley graphs, but these Cayley
graphs may have many further automorphisms. For example, the
four-regular tree (which is a Cayley graph of the free group on two
generators) has uncountably many automorphisms.

Theorem 2.1. Every finitely generated group has a Cayley graph
with countable automorphism group.

The proof of this theorem proceeds by case analysis accord-
ing to whether or not the group is virtually Abelian (i.e., has an
Abelian subgroup of finite index): The theorem was proven for

8 For example, the probabilists David Aldous and Russ Lyons are some of
the only mathematicians to have publicly supported the conjecture that
all groups are sofic, motivated by their more general conjecture about
unimodular random graphs [2].
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virtually Abelian groups (or, more generally, all groups with an ele-
ment of infinite order) via an elementary argument in the earlier
work [56], while for groups that are not virtually Abelian the authors
use a probabilistic construction relying on a theorem of Tointon
characterising virtually Abelian groups in terms of commuting prob-
abilities of random walks [61]. In the latter case the authors show
the stronger result that the group has a Cayley graph with no
automorphisms other than the group itself; this is not true for
infinite” Abelian groups, which always have an additional x = —x
symmetry.

Diffusive lower bounds on the random walk

Our next proposed “counterexample” has the caveat that it applies
only to infinite finitely generated groups. Recall that the simple
random walk on a Cayley graph (or any other graph) is a random
process which, at each time step, jumps to a uniform random
neighbour of its current position independently of everything it has
done previously. One of the most basic questions one can ask about
random walk is its rate of escape, i.e., the large-n asymptotics of the
typical distance travelled by the random walk in n steps. This typical
distance is of order \/n on infinite Abelian groups as a consequence
of the central limit theorem, and is of order n on the k-regular tree
for k = 3. (It is a major open problem whether the rate of escape
can depend on the choice of generating set for general finitely
generated groups.)

It is now known that the rate of escape for the random walk on
an infinite, finitely generated group can be essentially any function
between +/n and n [9]. On the other hand, it is not possible for
the rate of escape to be slower than /n, in contrast to random
walk on fractals (more accurately “pre-fractals,” like the graphical
Sierpinski gasket) that often have rate-of-escape of order n® for
8 < 1/2 [36]. The following theorem appeared in the work of Lee
and Peres [37] (which also establishes stronger results of the same
form), but existed previously as folklore and is sometimes attributed
to Virag. Here we write (X,)n >0 for the random walk started at
the identity and write |X,| for the distance between X, and the
identity.

Theorem 2.2. Let G be a finitely generated group with symmetric
generating set S, and consider the simple random walk on the
Cayley graph Cay(G, S). If G is infinite, then there exists a constant
¢ such that

E|X,|2 = cn

foreveryn = 0.

’This is needed to rule out groups of the form (Z/27)", where the map
x = —x is just the identity.



Geometric purists can expunge all reference to probability from
this theorem by reformulating it in terms of solutions to the heat
equation. See also [30,63] for further results and conjectures related
to this theorem. The proof of this theorem relies on a case analysis
according to whether or not the group is amenable. When the
group is non-amenable, the stronger statement E[X,|? = cn? holds
as a trivial consequence of Kesten's theorem (which states that
a group is non-amenable if and only if the random walk return
probabilities decay exponentially). On the other hand, it is a (very)
special case of a theorem of Mok, Korevaar, and Schoen [35, 46]
that if G is amenable (or, more generally, does not have Kazhdan's
property (T)), then it admits a non-trivial equivariant harmonic
embedding into Hilbert space W . G — H. In this case the image
W(Xp,) is a (possibly infinite-dimensional) martingale and one has

n
EIXy |2 = QEIWOXG) 12 = ¢E D IIWXG) =YX - 1) 112 = con
i=1
by equivariance of the embedding and orthogonality of martingale
increments.® This theorem is related to the fact that every infinite
Cayley graph admits a harmonic function of at most linear growth,
another “counterexample” to the “theorem” that plays an import-
ant role in Kleiner's proof of Gromov's theorem [34] and can be
proven via a similar case analysis.

The Burnside problem

I now describe a purely algebraic counterexample to the “theorem”
pointed out to me on MathOverflow by Moishe Kohan. The Burn-
side problem asks for each integer n, must every finitely generated
group G such that g” = id for every g € G be finite? An infinite
finitely generated group with this property is called a Burnside
group of exponent n. The problem was solved for large, odd n
in a breakthrough 1968 work of Novikov and Adian [48], who
proved that there exist Burnside groups of exponent n for each
odd n > 4381. While this is not a counterexample to the “theorem”
since it concerns specific groups, it is also known that Burnside
groups of exponent 1, 2, 3,4, and 6 do not exist, with the cases
n = 4,6 being non-trivial theorems of Sanov and Hall [26, 57]. This
yields purely algebraic properties (e.g., “there exists g € G such
that g® =+ id”) that are true for all infinite finitely generated groups
for non-trivial reasons. The cases n = 5, 7 of the Burnside problem
remain open (@among other small values).

8 Russ Lyons has pointed out to us that an alternative simpler proof of this
theorem is presented in [42, Section 13.9] that may make the theorem
too easy to count as a “counterexample” to the “theorem,” depending
on what one considers “trivial.” This proof still relies on a case analysis
according to whether or not the group is amenable.

Coarse regular variation of the inverse growth

| next give a “counterexample” that, while more technical than
my other examples, has the strongest credentials of non-triviality
in that its proof relies on some of the deepest work in geometric
group theory: Gromov's theorem [25], Pansu’s theorem [55], and
Hrushovski’s theorem [27]. It is also arguably the more “purely
geometric” of my proposed counterexamples. Recall that a function
f: (0, ) — R is said to be regularly varying if f(x) > 0 for all
sufficiently large x and the limit

. f(Ax)
XILmoo )

is well defined for each A > 0. The first basic theorem about reg-
ularly varying functions is that (subject to very mild additional
regularity assumptions such as measurability or Baire measurability
that certainly hold for the piecewise-continuous functions we con-
sider), this convergence must hold uniformly for compact sets of A
in (0, o) and that there must exist a real number a, known as the
index of regular variation, such that
_fAx)

XILmoo 00 =

for every A > 0. Note that regular variation is a first-order asymp-
totic property, in the sense that if f(x) ~ g(x) and f is regularly
varying, then g is regularly varying of the same index as f. Regularly
varying functions of index 0 are known as slowly varying func-
tions and include functions such as log(1 + x), log(1 + log(1 +
x)), exp[\/logx ], and so on. Regularly varying functions were in-
troduced by Karamata in the 1930s with the goal of producing
a unified framework for Abelian and Tauberian theorems (i.e., con-
ditions under which the first-order asymptotics of a function and
its Laplace transform or a sequence and its generating function
determine one another), and are now a standard part of the lan-
guage in many fields of pure mathematics with an emphasis on
asymptotic analysis, including, e.g., probability theory and analytic
number theory; see, e.g., [5] for an introduction.

Regular variation is one of several natural regularity properties
for functions of (sub)polynomial growth; for increasing functions,
a much weaker but still useful property is the doubling property

lim supM <

foreach A > 1.
X — 00 f(X)

In geometric group theory, regularity properties like doubling or
regular variation often arise as hypotheses in theorems relating
the asymptotics of one quantity to another, such as in the relation-
ship between random-walk return probabilities and the spectral
profile [10], or the relation between the isoperimetric profiles of
two groups and their wreath product [18]. Moreover, it is com-
mon to consider a rather loose notion of asymptotic equivalence
between monotone functions, where if f and g are increasing we
say that f ~ g if there exist positive constants ¢ and C such that
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cg(cx) < f(x) < Cg(Cx) for all sufficiently large x. This is natural,
since many functions associated to a finitely generated group, such
as the volume growth and the isoperimetric profile (defined below)
are well defined (i.e., independently of the choice of finite generat-
ing set) modulo this notion of asymptotic equivalence. However,
when working at a high level of generality one often comes to real-
ise that this notion of equivalence is not very useful for functions
not known to satisfy at least some weak form of regularity such
as doubling. These issues came to a head for me in my paper [30],
where | was able to prove a conjecture of Lyons, Peres, Sun, and
Zheng [43] only for groups whose isoperimetric profile

[ow|
Wi

Y(n) ::min{ WEG, IWISn}
is coarsely regularly varying, that is, equivalent to a regularly vary-
ing function under the equivalence relation =~. (Here oW denotes
the set of edges of the Cayley graph with one endpoint in W and
the other in G \ W.) | conjecture, but have so far been unable
to prove, that this is always the case, for every infinite finitely
generated group.

I am now ready to state my next proposed “counterexample.”
In an underhanded effort to make the theorem | am about to state
apply to all finitely generated groups rather than merely all infinite
finitely generated groups, | will depart from the standard conven-
tions by saying that a function f: (0, o) — [0, o] is regularly
varying if it either takes values in (0, o) and is regularly varying in
the usual sense or satisfies f(x) = 0 or f(x) = oo for all sufficiently
large x, in which case we say f is regularly varying of index —oo
or +o00 as appropriate. We write Gr(r) for the number of group
elements of word length at most r.

Theorem 2.3. Let G be a group with finite generating set S. Then
the inverse growth function Gr™"(x) 1= inf{r = 0 : Gr(r) = x} is
coarsely regularly varying.

Many groups have isoperimetric profile of the same order as the
reciprocal of the inverse growth, with a one-sided bound always
holding by a theorem of Coulhon and Saloff-Coste [11], so that
this theorem supports my conjecture that the isoperimetric profile
is always coarsely regularly varying.

Proof of Theorem 2.3. If G is finite, then Gr™"(x) = oo for all x >
|G, so that Gr™"(x) is regularly varying of infinite index. If G has
polynomial volume growth, it follows from Gromov’s theorem [25]
that G is virtually nilpotent and hence, by a theorem of Pansu [55],

that there exist a constant A > 0 and an integer d > 1 such that
Gr(r) ~ Ar? asr— oo

and hence that

Gr'(x) ~ (x/A)d as x — oo,
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which is more than sufficient for regular variation (with index 1/d).
What if G has superpolynomial growth? It is a consequence of
a deep theorem of Hrushovski [27] that if G has superpolynomial
volume growth then

Gr(2r) oo
Gr(r)

as r - oo (the theorem of [27] states more generally that
lim, - o |A2]/|A,| = o0 for any exhaustion of G by finite sets
(An)n=1). This is easily seen to imply that the inverse function
Gr'(x) is coarsely slowly varying (that is, ~-equivalent to a slowly
varying function). ]

Theorems for “most” infinite finitely generated groups

There are several important theorems concerning not quite all
infinite finitely generated groups, but instead all infinite finitely
generated groups that are not virtually Z. While such theorems
are arguably not true “counterexamples” to the “theorem,” they
are similar in spirit in that they establish non-trivial theorems con-
cerning very large classes of groups. One example is the “p. < 1”
problem of Benjamini and Schramm [4], which asked whether an
infinite, finitely generated group has a percolation phase trans-
ition if and only if it is not virtually Z. This problem was solved
by Duminil-Copin, Goswami, Raoufi, Severo, and Yadin [13], who
proved that p. < 1 for every bounded-degree graph satisfying
a (4 + €)-dimensional isoperimetric inequality; the remaining cases
have polynomial growth so that they are virtually nilpotent via
Gromov's theorem and can be treated via classical methods. (E.g.,
using the fact they contain subgraphs quasi-isometric to Z2.) The
proof of the high-dimensional case of the theorem relied on a highly
non-trivial comparison theorem relating percolation with another
more complicated model defined in terms of the Gaussian free
field. A new and much simpler proof of the theorem, still relying on
a case analysis between low- and high-dimensional examples, was
recently given by Easo, Severo, and Tassion [17]; this new proof
also establishes the purely geometric fact that an infinite finitely
generated group has the exponential cut sets property if and only
if it is not virtually Z. Another important example in the same
vein is Varopoulos's theorem [62], which states that the random
walk on an infinite, finitely generated group is recurrent (returns
to the identity infinitely often) if and only if the group is virtually Z
or 72, which again can be deduced as a consequence of Gromov's
theorem.

Theorems requiring uniform control of all groups

Let us close this section by mentioning that there has recently
been significant progress made on theorems concerning uniform
properties of all finitely generated groups (or all infinite finitely
generated groups, or all infinite finitely generated groups that are



not virtually Z, etc.), with constants that are either universal or
depend only on, say, the size of the generating set. The problem
of proving uniform theorems like this is often closely related to the
problem of proving theorems about finite groups, where one is typ-
ically forced to work with families of finite groups in order to make
meaningful statements about asymptotic properties. Significant
results in this direction include finitary versions include p. < 1 the-
orems for finite transitive graphs [31], “gap at 1" theorems for the
critical probability on infinite vertex transitive graphs [31,41, 54],
and finite-graph versions of Varopoulos's theorem [58]. Many of
these results rely on a structure vs. expansion dichotomy using the
finitary structure theorem of Breuillard, Green and Tao [8] (a deep
and powerful strengthening of the theorems of Gromov [25] and
Hrushovski [27] stating roughly that Hrushovski's theorem holds
uniformly over all finitely generated groups) and its extension to
transitive graphs due to Tessera and Tointon [59]. Using this finit-
ary structure theory, one can attempt to treat “high-dimensional”
and “low-dimensional” cases separately and “patch the analysis
together” on scales in which the dimension switches from high
to low (if such scales exist). Our recent proof of Schramm's loc-
ality conjecture with Easo [15] and Easo’s extension of this result
to finite graphs [14] also rely heavily on these ideas, including in
particular a finitary version of the fact that groups of polynomial
growth are finitely presented [16].

3 Synthesis

A unifying feature of many of the examples considered in the
previous section is that the proofs involve some kind of case analysis.
As such, one might propose the following modification to our
“theorem”:

“Theorem*”. If a property is satisfied by all finitely generated
groups for the same reason, then this reason must be trivial.

Again | do not really claim this “theorem” is “true” in any precise
mathematical sense,® merely that it is more true than the original
“theorem.”

Acknowledgements. The work was supported by NSF grant DMS-
1928930 and a Packard Fellowship in Science and Engineering.
I thank everyone who suggested counterexamples in response to

?Wes Wrigley has pointed out to me that intuitionistic logic [47] does not
allow for proofs by case analysis, so that one could perhaps interpret
“Theorem*” in intuitionistic terms. | am too ignorant of intuitionism
to make an informed comment on this, but would prefer to keep
the “theorem” both vague and within the framework of standard
mathematics (at the cost of making it likely to be false!).

10

my MathOverflow post and apologise that | did not have space
to include all of them. | thank Russ Lyons, Nicolas Monod, Matt
Tointon, and Wes Wrigley for helpful comments on a draft.
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The Math Solidarity Platform

Emine Yildirm

On February 6, 2023, a magnitude 7.8 earthquake struck southern
and central Tirkiye and parts of Syria, followed by a 7.5 event.
The destruction was geographically vast: tens of thousands of lives
were lost, universities were shut down, and students were thrown
into uncertainty. The question that haunted me was how could
| help those who were affected.

As a pure mathematician, my first response was a form of
helplessness. | was not a doctor, nurse, cook, or professional relief
worker. | could not clear rubble or repair cell towers. Yet it is
a mistake to equate “immediate material necessity” with “the
whole space of necessity.” Human beings do not survive solely by
calories and shelter; they also survive by reasons to keep a day
structured, by the option of thinking beyond the next hour, and by
experiencing being addressed as a human rather than merely as
a victim. My only reliable resource was my mathematical expertise
and a network of people who shared it.

The project that eventually emerged — Matematik Dayanisma
Platformu (the Math Solidarity Platform) — began from that narrow
but genuine premise: if we could restore even a small piece of
continuity for affected students, we might offer something that is
not food or medicine, but is still a lifeline.

A precursor of this platform was a program that already existed.
Before the earthquake, | had been participating in the Directed
Reading Program (DRP) Turkiye: an independent, online initiative
run by volunteer graduate students and early-career researchers.
DRP Turkiye pairs undergraduates in Turkiye with mentors around
the world to read a piece of mathematical research together dur-
ing summer months, typically on topics not covered in standard
undergraduate courses. The program'’s implicit philosophy is that
mathematical growth is not only additive (more techniques) but also
exploratory (new objects, new questions, new styles of thinking),
and that mentorship can make such exploration possible.

After the disaster, two of DRP Turkiye's founding members,
Sefika Kuzgun and Feride Ceren Kdse, asked a practical question
that was almost a moral one: could this network, built for intellec-
tual exploration, be repurposed — quickly and responsibly — into
a form of disaster support? They reached out to me, and together
with Tekin Karadag we met to think concretely about what could
be done that was neither symbolic nor naive. That conversation
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produced the first iteration of the Math Solidarity Platform. Later
Sefika Kuzgun, Zeynep K., and | ran a second iteration. We were
all graduate students or early-career researchers at the time and
voluntarily acted on this initiative.

We set two operational principles that were simple but, un-
der the circumstances, nontrivial. First, we recruited mentors as
broadly as possible: undergraduate and graduate students, post-
docs, and faculty from different institutions. The variety mattered,
because some students needed careful remediation while others
needed companionship or actual help in problem-solving. Second,
we adopted an open-acceptance policy for mentees. We accepted
applicants from across Tlrkiye without interrogating their “degree
of need,” and we did not restrict participation by region, since dis-
placement meant that “affected areas” were not a stable category.
If a student applied, we treated the application itself as sufficient
evidence that support was desired.

At this point, an uncomfortable constraint became obvious. We
understood mathematics; we did not understand trauma response.
If the platform was to be safe rather than purely well-intentioned,
it had to be built with an explicit awareness of vulnerabilities: intim-
idation, withdrawal, shame about falling behind, and the ordinary
unpredictability of life after catastrophe. To address this, we ar-
ranged a training session with a professional psychologist, and we
required all mentors to attend. This was not a ceremonial add-on. It
provided mentors with practical guidance on maintaining a welcom-
ing environment, avoiding inadvertent harm, and recognizing that
“participation” might look irregular even when the student'’s interest
was genuine. The training also gave us permission to ask questions
we had been afraid to ask and to admit what we did not know.

Our initial goal was to support university students affected
by the earthquake in their basic mathematics courses. The aim
was both to support students in their coursework and to help
them return to their pre-earthquake lives as quickly as possible.
For this platform, learning mathematics is a means rather than
an end. Accordingly, meetings were not regarded as the primary
site of mathematical instruction, but rather as a form of academic
support, comparable to study sessions or office hours. Central to
this approach was creating an environment where students felt
comfortable expressing themselves.



The continuity between the DRP and the new platform was
not merely logistical. It was structural: the basic unit was still the
relationship between a student and a mathematically engaged
mentor, but the aim shifted from enrichment to stabilization.

We moved toward group study, pairing small groups of stu-
dents with a mentor. The reasoning was not simply pedagogical:
a group lowers the activation energy required to speak, ask ques-
tions, and admit confusion. In a one-to-one setting, a student may
feel watched. In a group the student can feel accompanied. Meet-
ings were held online at times determined by each group. Despite
severe infrastructure damage, mobile networks in affected areas
recovered sufficiently quickly that some students were able to join
intermittently via phone connections.

The practical focus of the meetings was usually homework
support, but we repeatedly emphasized to mentors that the deeper
aim was restoration of normality: allowing students, even briefly,
to step away from the disaster and rebuild familiar routines. In
other words, we wanted students to regain agency over their lives
through learning. We believe that when a student can articulate
an idea in their own words, they are no longer merely receiving
aid but participating in a shared practice.

We urged mentors not to solicit stories about the earthquake,
while remaining attentive and respectful listeners when students
chose to share their experiences voluntarily. Our platform is brought
together through mathematics education and instruction. Confu-
sion may arise if the roles of scholarship provider or financial or
psychological support counselor are combined with instructional or
mentoring roles. Therefore, we recommend that mentors maintain
their role as instructors and avoid assuming the additional roles
mentioned above.

The program ran in two rounds, Spring 2023 and Fall 2023,
in which approximately one hundred and sixty students applied,
respectively. One fact surprised us: in the first round, we had more
mentors than students.

One mentor expressed what we gradually came to believe was
the platform’s central benefit: “The point was not that students
needed assistance with assignments, but that they were able to
talk about mathematics with fellow students and with people who
remained passionate about the subject. That conversation func-
tioned as a bridge to ‘normal times,” a way to preserve continuity
with the selves they had been before the disaster. In one hour of
a weekly discussion where ‘I can still think” becomes believable
again.”

To prevent the program from collapsing into a single narrow
function, we created auxiliary social structures. For mentees, we
organized weekly social meetings with intentionally nontechnical
topic — books, films, hiking and nature, culture, music — so that
participants could relate to one another as whole people rather
than only as problem-solvers. For mentors, we organized infor-
mal “tea hours” to exchange experiences, share tips, and monitor
the health of the mentoring environment. These meetings also
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produced an unanticipated benefit: they strengthened connec-
tions within the Turkish mathematical community, domestically and
abroad, precisely because participants came from many countries
and professional stages.

No honest account would omit the difficulties. Motivation and
attendance were fragile. Some students registered but did not
attend; others attended partially; some disappeared. This was not
a mystery once one considered the surrounding constraints: hous-
ing insecurity, food scarcity, internet disruptions, damaged cell
towers, closed schools and universities, and the psychological la-
bor of processing loss. In such a context, consistency is not a virtue
that can be demanded. The lesson for future efforts is not that
students are unreliable, but that any support program must be
designed with the expectation of irregular attendance.

One of the platform’s values is to show how mathematics
can function as a source of motivation, and joy, as well as a tool
for maintaining self-respect. This viewpoint matches my own ex-
perience as a mathematician coming from an underprivileged
background. Sefika Kuzgun, who personally experienced the dev-
astating 1999 earthquake, similarly understands the power of
studying and receiving support when the world becomes unstable.
None of this romanticizes catastrophe. It simply rejects the false
dictum that “in a crisis, only material needs count and intellectual
pursuits are a luxury.” For many people, intellectual pursuits — music,
art, literature, mathematics — are part of what makes life livable.

We acknowledged that our platform had its own limitations
in the aftermath of the earthquake. The hope was not that such
a platform would “solve” anything. The hope was more modest
and realistic: that it offered a small but genuine form of continuity,
one conversation at a time.

I would like to sincerely thank my amazing friends and co-
organizers: For the first round (Spring 2023): Tekin Karadag, Feride
Ceren Kose, Sefika Kuzgun. For the second round (Fall 2023):
Zeynep K. and Sefika Kuzgun. | also thank all of our participants —
students and mentors — for their effort, care, and hope.

For reference, the platform’s website (in Turkish) is: https://
sites.google.com/view/matematikdayanisma
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On the European Solidarity Committee of the EMS

Alice Fialowski

| served eight years on the European Solidarity Committee. It is
a very important committee in the European Mathematical Society.
It seems worthwhile summarizing here the mission of the com-
mittee, as it is not widely known. In a nutshell: it focuses on less
developed, less wealthy European countries and mathematicians.

The mission of the European Solidarity Committee is the fol-
lowing:

- provides support to European mathematicians in need;

- supports early-career researchers and colleagues with limited
resources for mathematics;

- focuses on countries or individuals affected by economic hard-
ship, political instability, or conflict;

- offers assistance via grants and travel support;

« aims to promote equity and inclusion in mathematical commu-
nities.

In June 2025, | participated in the second Balkan Mathematics
Conference in Thessaloniki and gave a talk jointly with Ozlem
Beyarslan on the European Solidarity Committee, with the goal
of advertising the activities of the committee in Balkan countries.
(The first Balkan Mathematics Conference was held in Romania
two years ago.)

| was very happy that among the 75 participants there were
mathematicians from Greece, Turkey, Serbia, Slovenia, India, Aus-
tria, Croatia, USA, Poland, Oman, UK, Germany, Morocco, Kuwait,
Nigeria, China, Bosnia and Herzegovina, Qatar, Hungary, Canada,
Australia, Ireland and Denmark. A really richly varied audience!

Unfortunately, Albania, Bulgaria, Kosovo, Montenegro and
North Macedonia were not represented.

I hope that as a result of this talk the Balkan countries will take
advantage of the possibilities offered by the European Solidarity
Committee.

The talk focused on the advantages of using the committee for
mathematicians in less developed countries. We have noticed in
our work that these less-developed countries in the Balkans do not
apply for any support to the European Solidarity Committee, per-
haps because they are not aware about its existence. The problem
in those countries is that there are only a few individual members,
partly because for people there it is sometimes even complicated
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to pay the local Mathematical Society fee, let alone the EMS fee.
This part of Europe is still in a different situation from Western
countries. There are also countries where the local Mathematical
Society is not a member of the EMS. As an example, in Serbia there
are nine public and ten private universities, and also some colleges.
It is rather likely that the information about the European Solidarity
Committee does not reach those places.

This might be hard to imagine for mathematicians in the West,
where there are lots of individual members, and where a good
communication exists between institutes, universities, allowing to
make known the possibilities offered by the EMS.

Our committee aims to balance this out. To help with the
lack of information, | suggested the audience to look at the EMS
homepage, with News (among others, information on coming
conferences, fresh information), Magazine (free quarterly journal)
and calls for grant applications. This is free for everybody, so people
would not feel so isolated. With the internet these days, there are
also lots of free sources, like Google, Google Scholar, arXiv, ZoMATH
Open, MathSciNet, etc.



How can our committee help you?

Twice a year we have a call for individual mathematicians to apply
for travel grants to another place — perhaps with more resources —
and for organizing a conference or workshop.

Let us look at these possibilities.

1. Travel grants
Offered to mathematicians in a less wealthy country without ap-
propriate financial support.

Priorities include, without being restricted to these:

« early-career researchers (max. ten years after PhD degree);

« colleagues beyond retirement age who are still active.

These grants are for

- presenting results at conferences;

- attending courses;

- research stays in foreign countries;

 work with colleagues and access to libraries.

Criteria include:

- scientific achievements and potential of the applicant;

« scientific value of the goals of the applicant;

- residence in a less wealthy country with fewer resources.
I would underline this criterion; that has not been done well
up to now in our committee. This will be addressed in greater
detail later on.

How much support can you get?

« Max. 500 Euros for destinations within Europe;

« Max. 900 Euros for trips from Europe to destinations outside
Europe.

Let me mention that the European Solidarity Committee does
not support applications from outside Europe to Europe, but there is
another committee, the Developing Countries Committee, to which
one can apply for some financial help from a developing country
to Europe. Another committee you can apply to is the Women
in Mathematics Committee if you plan to attend a workshop or
conference organized mainly for women.

What do you need to apply?

« Scientific curriculum vitae with list of publications (date of the
PhD degree). This is very important: we sometimes get too
short or too long curriculum vitae; prepare it very well!

« Description of the scientific content related to the proposed
activity (abstract or project summary).

« Proof of the acceptance by the partner institution.

2. Event funding grants
Offered for organizing scientific events of conferences.
Who is favored to get this support?
+ Qualified mathematicians from less wealthy countries without
financial support.
The priorities include without being restricted to these:
- Early career researchers (max. ten years after PhD degree);
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Group photo at the Balkan Mathematics Conference Il in Thessaloniki.
(Courtesy of Andreas Koutsogiannis)

« colleagues beyond retirement age who are still active;

 support events organized in less favored places in Europe.
| would underline this priority. There are two possible ways:
either you apply from a less favored country for a conference
in a more favored country with some colleagues or apply for

a conference in a less wealthy country. This makes it possible

for people to participate in their home country without high

travel costs.

Criteria:

« include scientific value of the event;
« its impact on the place where it is organized.

How much support can you get?

» Max. 3000 Euros for each activity.

As an example, | would point out the recent conference in
Istanbul “Model Theory Days,” May 17-20, 2025, supported by the
European Solidarity Committee with 1500 Euros; although this is
not a big amount, it did make possible to organize the conference.
Let me also mention that if you already have some support from
some source, it is easier to find other support, as for instance was
done in Istanbul.

By the way, in Turkey, as Ozlem Beyarslan, a committee member,
mentioned, information on the European Solidarity Committee
grants is distributed to all universities in the country, which is a great
way to let mathematicians know about these possibilities.

Event-funding grant application:

« scientific curriculum vitae of the organizers with a list of publi-
cations;

« preliminary budget for the entire event, including expected
other funding sources;

« an explanation on how EMS funding will be used;

- details about the main lines of the event;

- preliminary list of speakers and participants.
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Deadlines for both grants
There are two application rounds through each year.

First round: opens on October 7, deadline January 31. Decisions
are made in March.

Second round: opens on February 1, deadline September 30.
Decisions are made in November.

Warning: Keep track of the decision time, the workshop should
not be planned before March and November of the year, respec-
tively!

Application process
Register an account on Google Grants and log in.

Browse the list of open calls in the “Apply section” and select
the item you wish to apply for.

Complete your application and submit it for review before the
deadline.

You can revise your application online as many times as you
want, until the deadline.

If you have questions, feel free to contact Markus Juvonen,
juvonen@euromathsoc.org.

It is a technical procedure, you will be able to submit your
application, do not be afraid!

Let me show some data from our last round on individual grants.
We received 19 applications, and very few of them are from less
wealthy countries. | believe that the reason is that the availability
of these is not yet known in those countries.

And here is the list of 26 applications for event grants:

number from to
7 Italy Italy
3 France France
3 Portugal Portugal
2 Netherlands Netherlands
2 United Kingdom United Kingdom
1 Germany Denmark
1 Germany Italy
1 Germany Netherlands
1 Italy France
1 Italy Sweden
1 Netherlands Germany
1 Poland Turkey
1 Romania Romania
1 United Kingdom  Germany

number from to
2 Germany USA
2 United Kingdom Canada
1 Finland United Kingdom
1 France Japan
1 Italy Austria
1 Italy Canada
1 Italy Kazakhstan
1 Italy Netherlands
1 Italy Poland
1 Italy Portugal
1 Italy United Kingdom
1 Italy USA
1 Portugal USA
1 Romania Belgium
1 Romania France
1 Turkey Greece
1 United Kingdom France
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Even worse! Where are the less favored countries? People
should be aware that the level of these countries is very differ-
ent from that in the more favored countries. But how can you pay
for a scientific trip or organize a conference when you have difficul-
ties paying your Society fee? That is the mission of the European
Solidarity Committee, to help those mathematicians.

Talking to people at the conference, | met many mathematicians
who — for some reason — left their home country and now live
somewhere else. A beautiful mission for them would be to organize
a conference in their home country, with colleagues still living and
working there. This would fertilize the mathematical life in their
home country. Come back and improve the level of mathematics
research and teaching in your home country!

The individual grants are also very important for those countries.
Apply for a travel grant, go to a country with better resources, work
with colleagues there, use the libraries, and come back to raise the
level of mathematics at home.

Unfortunately, we could not achieve these objectives yet, but
we are working on it. As already mentioned above, the main prob-
lem must be that in those less favored countries people are not
aware of these possibilities.

To highlight the importance of these events for less wealthy
countries:

* In most areas of mathematics there are not many people
working on fashionable topics.

» They might be particularly important for mathematicians who
might be isolated in their field to be part of a larger community
that will understand and appreciate their work.


mailto:juvonen@euromathsoc.org

+ In smaller countries, academic leaders may be unaware or not
appreciate some areas of mathematics. It is natural.

« For this reason, it is important that the European Solidarity
Committee supports more areas of interest than is possible
in any one country. There are other gifted mathematicians
who are not in the mainstream, and might feel isolated in, say,
a smaller place.

« Anyone in any European country is eligible to apply, even if

she/he is not a member of the EMS and/or of the local society.

« Individuals can apply on their own, not necessarily through
their home university or institute.

+ One of the virtues of these grants offered by the European
Solidarity Committee is that they give recognition to people
whose colleagues and/or local university are unaware of the
value of their work. It helps everyone, not just the applicant. It
helps the university, the institute, it helps everybody.

Talking to Karine Chemla, we agreed that the committee has to
be more active in advertising these grants in less favored countries,
and have a contact person — not necessarily the head of the local
main Mathematical Institute — someone who is willing to distribute
the information to all universities and also smaller institutes in their
country (as Turkey started to do).

When | met people at the conference, | noticed that about
half of the participants came not from the Balkans; yet from our
conversations it turned out that their home country is indeed
one of the Balkan countries. And they do care about their home
country, that is why they came! So, you are most welcome to
organize a workshop or conference with your colleagues in your
home country and encourage people there to visit you or other
places, to collaborate and make your home country scientifically
stronger!
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I wish all of you success in your mathematical career!

(Map courtesy of Mapswire.com)

Alice Fialowski is a professor in mathematics at the E6tvos Lorand
University Budapest, Hungary. She has strong ties to the EMS. She
served in the Executive Committee for four years, and after that in the
European Solidarity Committee for eight years. Her research is in Lie
theory, cohomology, deformation theory and applications to physics.

fialowski@inf.elte.hu
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The hidden art in things breaking apart

Julien Meyer

This article explores the hidden structures that emerge when materi-
als break apart, revealing unexpected connections between natural
processes, mathematics, and art. In particular, it examines Alberto
Burri’s Grande cretto nero, whose fracturing evokes hyperbolic
geometry reminiscent of Poincaré’s models and Escher’s tessel-
lations. Through this interdisciplinary journey, the article shows
how close attention to seemingly trivial phenomena can inspire
profound insights across science and art.

Imagine walking through a forest. At first everything seems
ordinary—the fallen leaves on the ground, the cracks in the drying
mud along the path, the songs of birds overhead. But if you pause
for a moment and look more closely, your perception may suddenly
shift: held against the sun, a leaf reveals a delicate network of veins,
the cracks, once random, now divide space into polygons and the
bird calls fall into a structured rhythm. What seemed trivial a mo-
ment ago now appears deeply ordered... and somehow, beautiful.

But how do such moments emerge? And why should they
matter to us, apart from leaving us momentarily amazed? Part of
the answer may lie in a remarkable human ability: the capacity to
hold our breath and intentionally focus on what at first appears as
ordinary.

These encounters with nature, these tiny moments, spark our
curiosity and set our minds in motion. Each observation begins
with something common yet carries the seed of a story: a moment
when someone noticed a regularity, asked a question, and sought
an explanation. What begins as simple curiosity can grow into
structure, classification, and, in time, theory.

In this sense, the ability to perceive order within apparent
randomness lies at the root of science, and of mathematics itself.

Reading the cracks

Patterns are universal. They can be found in every object and every
material, in plants and animals alike: from stripes in the fur of a tiger,
structural colors in butterfly wings, or the fractal growth forms of
stony corals. And even when things break apart, decompose and
decay, physical laws are at play, guiding the process toward some
structured outcome.

Among these diverse expressions of order, this article turns
to one phenomenon in particular: the formation of cracks. When
a material gives way under stress, the release of tension inscribes
itself as a network of fissures. Such networks are visible in dry-
ing mud, in the glaze of ceramics, or even in the fusion crust of

Figure 1. When held against the sun, a delicate network of veins emerges in the leaf of a beech tree (left). A network of cracks forms in drying mud (center)
and EcoSons Etude IV. by Sam Erpelding, an artistic-ecological exploration of natural soundscapes in Luxembourg, the Netherlands, and Austria, combining
field recordings with data-driven sonification to reveal hidden patterns in habitat ambience (right).
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Figure 2. Network of cracks in drying mud (left), cracks in the glaze of ceramics as a decorative element (center) and cracks in the fusion crust of

a meteorite (right).

meteorites. They are at once destructive and generative, producing
geometries of striking regularity.

Locally, a single crack may appear structureless and random,
but the situation becomes far more interesting when two or more
cracks are at play. Imagine an old concrete pavement with two
cracks approaching each other from opposite directions. At first, it
seems as if the cracks try to avoid and turn around one other, only
to meet moments later, at nearly right angles. This pattern repeats
across countless materials and situations. But why? How does one
crack influence the path of another? How do they “communicate”?

Figure 3. Two cracks circulate each other and tend to meet at right angles.

The answer lies in the material itself. As a crack propagates, it
releases tension along its path, leaving the remaining stress oriented
perpendicular to the crack. When a second crack approaches, it

20

tends to grow in the direction that maximizes the release of this
residual stress. This naturally leads the cracks to meet at angles of
roughly 90°, forming what is typically called a T-junction.

The story becomes more complex when cracks repeatedly heal
and break again, as for instance in mud subjected to cycles of
wetting and drying. In such cases, T-junctions can evolve into so-
called Y-junctions, where the cracks meet at angles of about 120°,
distributing stress evenly in three directions. Thus, the geometry of
crack junctions depends strongly on the physical process behind
the cracking.

A striking example with profound implications comes from
planet Mars, where NASA's Curiosity rover discovered networks of
hexagonal mud cracks in Gale Crater. Captured in 2021, these
patterns provide the first direct evidence of sustained wet-dry
cycling on the planet [3]. Unlike the sharp T-junctions produced
in single drying events, the hexagons formed only after repeated
rehydration gradually softened the angles into Y-junctions. Such
cyclic wetting and drying is particularly significant, as it is thought to
create the conditions necessary for the chemical steps that precede
life. Thus, these Martian cracks not only record ancient climate but
also hint at environments once capable of supporting the chemistry
of life’s origins.

The hidden geometry of things breaking apart

Apart from the physical processes that govern how cracks form,
under the right conditions, their networks surprisingly follow purely
mathematical rules, grounded in simple combinatorial arguments.

Imagine taking a blank sheet of paper and drawing randomly
straight lines across it. The lines divide the sheet into a mosaic
of regions. If you count the number of vertices of each region
and then take the average, you will always find the result close
to four.
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Figure 4. Network of cracks in a sink (left) meeting at a 90° angle vs. cracks in drying mud forming angles of about 120°.

Figure 5. Hexagonal crack patterns on Mars, formed by repeated wetting
and drying cycles. (Courtesy of NASA / JPL-Caltech / MSSS / IRAP)

To see this, let Vy be the number of vertices in a given region.

When a new line divides this region into two, let V; and V, denote
the numbers of vertices in the resulting regions.

(> (D¢

Splitting the region into two, the average number of vertices is
given by

Vo +4

Vi +V,
V=——7—=
2 2

. _ Vo—4
or equivalently V — 4 = ==,
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Figure 6. Drawing random lines on a sheet of paper and counting the
number of vertices for each region. The average number of vertices per
region converges to 4.

Each time the process is repeated, the distance to 4 is cut in
half so that V approaches 4.

This very simple and purely mathematical reasoning applies
to real world networks of cracks made of straight lines. A simple
example of this are broken ice plates.

In a widely discussed article [1], GAbor Domokos and some
collaborators developed and extended these ideas to more general
crack networks, including those where cracks meet at Y-junctions.
Since Y-junctions typically form angles of about 120°, it seems
natural to expect that the average number of vertices per region
should be close to six, like in a honeycomb. Turning to geology,
they examined Earth’s tectonic plates, which almost always meet
at Y-junctions. They counted an average of 5.8. Close to six—but
not quite.

At this point, Domokos recounts a telling reaction. The geol-
ogists on the team were delighted: 5.8 was “close enough” for
the messy reality of Earth’s surface. The mathematicians, however,
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Figure 7. Try this at home! The average number of vertices by region in
this broken ice plate is given by 61 : 15 = 4, 07.

were unsettled. Why the gap? What was missing? And then the
insight struck: Earth’s surface is not flat, but a giant sphere! Once
they adapted their argument to a positively curved geometry, the
discrepancy vanished, and the expected value shifted from exactly
6 down to 5.8, matching the observations almost perfectly.

Now, the geometer in us must feel alerted, remembering that
apart from Euclidean and spherical space, there is another type of
constant curvature geometry: hyperbolic space. Could it be that
there are also real-world examples hinting to hyperbolic spaces?

Figure 8. There are three types of constant curvature space: spherical

(positive curvature), Euclidean (zero curvature), and hyperbolic (negative
curvature).

Between 1882 and 1884, the French mathematician Henri
Poincaré (1854-1912) introduced and extensively studied two fasci-
nating models of hyperbolic space: the hyperbolic upper half-plane
and the hyperbolic disc. In these models, geodesics, analogous to
“straight lines” in Euclidean geometry, always intersect the bound-
ary at right angles, revealing a rich and counterintuitive structure
that challenged traditional notions of space.

These groundbreaking ideas in non-Euclidean geometry later
became a source of inspiration for several 20th-century artists,
most notably perhaps the Dutch graphic artist Maurits Cornelis
Escher (1898-1972). Escher was captivated by the possibilities of
infinite tessellations, impossible constructions, and spaces with
non-zero curvature. He famously explored hyperbolic patterns in
works such as Circle Limit I-1V, where repeated fish and angels and
devils appear to shrink toward the boundary of a circle, visually
representing the hyperbolic plane.
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Figure 9. The Poincaré disc (left) and the upper half-plane (right) are two
equivalent models of negatively curved space. The Dutch artist Maurits
Cornelis Escher (1898-1972) translated these geometries into art in works
such as Circle Limit IV (bottom left).

(M. C. Escher’s “Circle Limit IV" © 2026 The M. C. Escher Company — The
Netherlands. All rights reserved. www.mcescher.com)

The hyperbolic structure in Alberto Burri’s Grande cretto nero

But what about the cracks themselves? At the Centre Pompidou
in Paris, among some of the most iconic artworks of the 20th
century, one encounters a monumental black canvas by the Italian
artist Alberto Burri' (1915-1995): The Grande cretto nero (1977).
This rectangular work, measuring 1.5 by 2.5 meters, is covered
with a dense mosaic of fractures. The cracks are sharply defined,
spreading across the entire surface. As the eye moves toward the
edges, the fractured regions become smaller and smaller, similar
to the shrinking tiles in Poincaré’s hyperbolic models.

This hyperbolic flavor is especially evident at the lower boundary.
The fragments visibly diminish in size as they approach the edge,
while the cracks themselves often follow curved lines that meet the
boundary at right angles, just like geodesics in Poincaré’s upper
half-plane. At first this may seem puzzling, but it becomes less
surprising if we recall what was said earlier about cracks: they
naturally seek to release stress by meeting boundaries or other
cracks at angles close to 90°. In Burri's work, the cracks formed
near the edges follow precisely this principle, bending in ways that
maximize the release of tension as they approach the boundary.
The same kind of hyperbolic behavior can sometimes be observed
in the cracked surfaces of old roads and pavements.

Seen this way, Burri's work brings to mind Poincaré’s upper
half-plane, especially along the lower edge where the fragments
shrink, and the cracks meet the boundary at right angles. Yet unlike
the half-plane, which is bounded only from below, Burri’s rectan-
gular canvas is enclosed on all four sides, and a similar hyperbolic

https://www.centrepompidou.fr/fr/ressources/personne/cbq6bAe
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Figure 10. Alberto Burri (1915-1995): Grande cretto nero 1977.

The following copyright also applies to all figures derived from this:
© Alberto Burri / VG Bild-Kunst, Bonn 2026; Photo: MNAM-CCI, Dist.
GrandPalaisRmn / Bertrand Prévost.

behavior emerges along every edge. This brings the analogy even
closer to Poincaré’s disc model, where space contracts uniformly
toward all boundaries. It is therefore natural to ask how Burri’s
cretto would look like if reimagined within a disc?

Figure 11. In the Grande cretto nero, fractured regions become smaller
and smaller towards the boundary (red) while the cracks often follow
curved paths that meet the boundary at right angles (green).

Mapping the square to the disc

Poincaré’s upper half-plane and the disc are equivalent models
of hyperbolic space, connected by transformations that preserve
their geometry. Burri's canvas, however, is a rectangle so that these
standard transformations do not readily apply. To preserve the
crucial behavior of the cracks meeting at right angles (especially at
the boundary), we require a transformation that preserves angles,
a so-called conformal transformation. Fortunately, there is such
a transformation which does exactly what we need: the Schwarz—
Christoffel transformation.
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More precisely, the Schwarz—Christoffel (SC) transformation
provides a conformal map between the unit disc

D={wecC:|wl <1}

and polygonal regions of the plane. In the case of a square, ex-
plicit formulas can even be written down using elliptic integrals.
Following Fong [2], the forward map

SC:D—[—1, 117

from the disc to the square is given by

_ 1= Vi _ :
z=5C(w) = —_KeF[cos (—ﬁ w),m=1/2]+ (1=
where F(¢, m) is the incomplete Legendre elliptic integral of the
first kind with modulus m = 1/2, and K. = K(1/2) is the complete

elliptic integral of the first kind. Explicitly,

Flo 1) :J“’L
‘2 o 1 —1Isin26’
A% 1 :J%L
22 o \J1—1sin26

Ke ~ 1.854.

Computational implementation

To actually use the Schwarz—Christoffel transformation to map

Burri's work to a disc, we wrote a Python program that con-

structs the image in the disc pixel by pixel. The procedure can

be summarized as follows:

1. Load and center-crop the source image to a square domain.

2. Construct a uniform Cartesian grid in the unit disc.

3. For each disc point w, compute its image z = SC(w) in the
square.

4. Convert z into pixel coordinates and assign to w the corre-
sponding color from the square image.

5. Assemble all pixels to obtain the disc-shaped image.

Reinterpreting Burri’s Grande cretto nero as a disc

The implementation we described above sends a square image
conformally onto the disc. However, Burri's Grande cretto nero
is rectangular rather than square. A direct mapping of the rect-
angle to the disc would inevitably produce horizontal squeezing
and distortions, obscuring the geometric features we wish to
preserve.

To avoid this, we first reinterpret Burri's canvas as a square.
Concretely, we crop out the central region of the painting and
conceptually “glue” its left and right parts together to form a square
image. This step sacrifices the rectangular proportions but preserves
the essential crack structure at the boundaries.
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Once reinterpreted as a square, the image can be conformally
mapped onto the unit disc. The crack geometry is faithfully pre-
served: fractures remain orthogonal to the boundary, while the
overall structure acquires the characteristic hyperbolic flavor famil-
iar from Poincaré’s disc model. Beyond this, the resulting image
strikingly evokes the hyperbolic patterns of Escher’s Circle Limit
I-IV. Yet there is a crucial difference: Escher’s artworks are deliber-
ate drawings, where he intentionally depicts hyperbolic geometry,
whereas in Burri’s work, the structure arises spontaneously from
cracks, purely shaped by physical laws.

Figure 12. Burri's Grande cretto nero (left, central region removed) and its
conformal image under the Schwarz—Christoffel transformation (right).
The hyperbolic behavior is preserved, producing an image with a striking
“Escher flavor.”

Some more hyperbolic art from the Grande cretto nero
Beyond simply removing the central region to obtain a square image
of Grande cretto nero, alternative constructions are possible. One
such approach consists in cropping specific triangular sections from
the artwork and assembling copies of them to form a square. This
procedure introduces artificial symmetries which may be perceived
as visually appealing. However, they depart from the purely natural
crack formation that characterizes Burri's original composition, as
illustrated in our earlier example (Figure 12). Below, we present
several instances obtained from different triangular selections.
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An invitation to the unintentional

From simple mud cracks to traces of life on Mars to hyperbolic
structures in art: what may at first seem like a trivial observation,
a simple curiosity, can grow into a more profound inquiry that opens
unexpected connections. Careful attention reveals structures that
link, in our case, material science, physics, and mathematics, and
at times even unexpectedly resonate with art. At these crossings,
disciplines merge with one another, leaving behind ties deeper
than any single field alone.

| therefore invite you to stay curious, to pause and take time for
the “little things,” the unexpected and the unintentional. For it is
precisely in these moments that familiar knowledge often expands
into new insights.
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Python implementation of the Schwarz—Christoffel mapping
transformation

Python code implementing the Schwarz—Christoffel transformation
to map a square image conformally onto a disc. This code was
used to generate the disc versions of Burri’s Grande cretto nero.

import numpy as np

from PIL import Image
from mpmath import ellipf
import cmath

# -- User settings --

INPUT _PATH = "input.png" # square input image
OUTPUT_PATH = "output disc.png"

RES = 512 # output resolution (diameter)

# -- Load and square-crop input --

im = Image.open(INPUT PATH).convert("RGB")

W, H = im.size

min(W, H)

(W - side) // 2

top = (H - side) // 2

im sq = im.crop((left, top, left+side, top+side))
src = np.asarray(im sq)

S = side

—~ On
o -
-+ Q
+ ®
o

# -- Constants --
Ke = 1.8540746773013719184
# complete elliptic integral K(m=1/2)
m param = 0.5
one _over_sqrt2 = 1.0 / np.sqrt(2.0)

# -- Output grid on unit disc --

x = np.linspace(-1, 1, RES)

y = np.linspace(-1, 1, RES)

X, Y = np.meshgrid(x, y)

R = np.sqrt(X*X + Y*Y)

mask = R <= 1.0

out = np.ones((RES, RES, 3), dtype=np.uint8) * 255
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def z to src xy(z):
zX, zy = np.real(z), np.imag(z)
px = (zx + 1.0) * 0.5 * (S - 1)
py = (zy + 1.0) * 0.5 * (S - 1)
return int(np.clip(round(px), 0, S-1)), \
int(np.clip(round(py), 0,S-1))

# -- Schwarz—Christoffel map --
for iy in range(RES):
for ix in range(RES):
if not mask[iy, ix]:
continue
w = complex(X[iy, ix], Y[iy, ix])
phi = cmath.acos((1.0+1.0j) * w * one_over_sqrt2)
Fphi = ellipf(phi, m_param)
z = ((1.0-1.0j)/(-Ke)) * Fphi + (1.0-1.0j)
jx, jy = z_to_src_xy(z)
out[iy, ix] = srcljy, jx]

Image.fromarray(out).save(OUTPUT_PATH)
print(f"Saved {OUTPUT_PATH}")

Copyright disclaimer

Creative Commons license terms for re-use do not apply to the
pictures in this article and further permission may be required from
the right holder.
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Are all bets off when it comes to agreement gambles?

Bahareh Zahirodini and Moinak Bhaduri

It is well known that views on social issues are influenced by de-
mographics. Whether similar people agree or dissimilar people
disagree on touchy topics are useful insights that social science
articles point to. These insights remain “internal” to the system,
so to speak. In this work, using data from a Bentley-Gallup survey
and the martingale mathematics of e-values, we showcase how
someone “external” to the system could exploit these insights
to build up a huge fortune. We achieve this through two parts.
First, by showing the internal predictability will help (that is, if, for
instance, similar people agree, that it is useful knowledge, as is
if similar people predictably disagree). Second, by analyzing the
aggressiveness or conservativeness of the “external” better (how
much of the current wealth should they bet on the next issue/ques-
tion) which has got nothing to do with whether similar people
agree, that is, with the previous part. We recommend certain op-
timal ways to bet, with and without demographic knowledge of
the participants.

Imagine having to build up a fortune — or lose one — based on
rightly or wrongly predicting whether two people will agree on
some issues pressing to society. Whether you would agree to be
part of the scheme could depend on many factors. The types of
issues being discussed (which political party should be in power is
more divisive than whether we would need oxygen to live) or how
many issues we are talking about. And if you do agree to play, how
you will place your bets could depend on a further set of factors.
Some external, like the two people that are being interviewed for
possible agreement, and some internal, like how aggressively or
conservatively you would want to bet (that is, how much of your
current capital are you willing to put on stake). Amidst a charged
political climate where disagreements are more common than ever,
such games bring out strategies that, frivolously, help people am-
plify their capital, but more seriously, point to strange structures of
society that might have gone, otherwise, unnoticed. And there are
tools. Take the social survey that Bentley University did in collabo-
ration with Gallup and made available to its students and faculty:
128 questions were asked, nearly all around how modern busi-
nesses function or ought to function, and demographic details
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of the respondents, along with political leanings were stored. It
may be vital to query, as people become more and more similar,
whether we can bet confidently on their agreement, or as they
become more and more dissimilar, on their disagreement —and end
up becoming rich. Martingales — some structures from probability
theory — furnish useful answers. But first, some background!

Storms in (eight) teacups

Tales of odd coincidences, no matter how repeated, seldom cease
to thrall. The setting for one was a tea party in full swing. 1935.
Central London. Sir Ronald Fisher, already a well-known statistical
figure, was in attendance. So was Dr. Muriel Bristol, one of his col-
leagues, less known. Fisher invited Muriel to join him for tea. Muriel
declined, citing he was pouring tea first and then milk, while she
liked it the other way. And she could tell just by tasting. Stunned,
Fisher decided to test whether Muriel was bluffing. Promptly, out
were laid eight cups, four with milk first, and four with tea, that
looked rather similar. Muriel was invited to take sips and guess the
order of composition. Now this invitation she accepted! And came
off with flying colors. Each cup was rightly decoded! Much of this is
the substance of Fisher’s randomized trials, books and cinema that
later succeeded commercially (David Salsburg’s The Lady Tasting
Tea), but in all seriousness, it points out a nagging inadequacy, an
ineffectiveness of a way of thinking — an unfairness — that the con-
temporary statistical community is bent on distancing itself from.

It has to do with probabilities. In case Muriel was truly bluffing,
what are the chances she could have rightly predicted each cup just
by chance? Quite remote. 1 out of 70, in fact. This is because Fisher
could have chosen the four spots out of eight for the milk-first
cups in C(8,4) = 70 ways. And if Muriel were really bluffing — she
was told it would be half and half (the order profile that is, not
the milk — that is a pun courtesy of a colleague who was heckling
me while | was giving a talk) — all of these 70 arrangements would
have been equally likely to her. Hence, the chances of getting that
specific arrangement — the right one — would have been 1/70 or
0.01428, the p-value in today's language (with Fisher's null being
she is bluffing), which is less than our usual 5% or 10% levels of
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Figure 1. Simulated wealth profile scenarios under one-sided agreement or disagreement (panels (a) and (b)), and a mixture of agreements and

disagreements (panels (c), (d), (e)). (e) Half disagreement (alternate)

significance. This, to Muriel, is a sweet ending because Fisher gives
up his null claim and recognizes her tasting prowess.

Troubles begin if Muriel somehow got at most one wrong. The
hostile statistical environment she had to perform under would
have begun to show. The probability that a chance guess would trig-
ger at most one error is 17/70 = 0.24 (argue how) — inflating the
p-value, making Fisher more prone to saying the order-detection
is impossible, even though she did extremely well, getting the
majority right.

Betting — the thrill of backing up your guess with some form of
capital — rectifies this problem, summoning a fairness, through al-
lowing Muriel not just voice her decision, but reveal how confident
she feels in her verdict. Imagine Fisher conducting the experiment
as a sequence, each time tossing a coin: if it lands head, he prepares
{T, M}, if tails, {M, T}. Muriel, starting with an initial wealth of $1,
is expected to bet on the outcome of the toss. Table 1 describes
the details.

The chief idea is this: if Muriel is bluffing, it would be nearly
impossible for her to accumulate a huge fortune through random
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guessing. A running record of Muriel’s wealth, then, would offer
another way to test Fisher’s hypothesis, only this time leveling the
playing field somewhat (see the table above).

The storms spread beyond teacups

Eerily, you will find parallels everywhere. Rightly viewed, many
statistical tasks we are routinely pitted against may morph into
Murielesque prophecies. Predicting whether or not two respon-
dents on the Gallup survey will agree (that is, both will respond
with a 1 or a 2 or a 3 or a 4) on social issues such as whether busi-
nesses should prioritize increasing profits each year, or reduce the
wage gap between executives and ordinary employees (a long list
in [2,6,8]) may be seen as predicting the order of drink preparation
(an observed agreement will, for instance, correspond to Fisher
putting tea first). Guessers may want to build up a fortune through
these games of predicting agreements and disagreements, instead
of the one about predicting milk and tea.
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10ss outcome order agreement notations ct: confidence; how much someone wants to bet on head at stage t (—1 < ¢t < 1).
head (H) N milk, tea (M, T} > R=+1 (el\:ltl:;l::erlr;acyocnf;i(;(;snet i.?a:(js:j tsaiel)f)tremely confident it landed head or —0.9 if she's
tail (T) = tea, milk {T, M} = R=-1 Et: wealth at stage t (Er = Er—1{1 + ctRt}). (They are starting with $1, i.e., Eg = 1.)

Fisher Muriel C A

foss outcome prepares confidence wealth confidence wealth confidence wealth

T(.e,Ri=-1) {T, M} {T,M} (c1=-0.8) Ey=1{14+(-08)(-1)} =18 {T,M} (c1 =-0.1) Ei=11 {T,M} (c1 =—-0.9) Ei1 =19

H(i.e., Rz=+1) {M, T} {M, T} (c;=0.7) E; =1.8{14+(0.7)(1)} = 3.06 {T,M} (c;=-0.1) E; =0.99 {T,M} (c; =-0.9) E; =0.19

H(i.e.,, R3=+1) {M, T} {M, T} (c3=0.9) E3 =3.06{1+(0.9)(1)} =5.814 {M, T} (c3=0.1) Es = 1.089 {M, T} (c3=0.9) E3 =0.361

T(.e,Ra=—1) {T, M} {M, T} (cs=0.1) E4 =5.814{1+(0.1)(—1)} =5.233 {M, T} (ca=0.1) E, =0.98 {M, T} (ca=0.9) E, = 0.036

Table 1. Players’ wealth evolution. The players: (1) The truly great taster Muriel, (2) a person “C” who bluffs, but bluffs cautiously, and (3) a person “A” who

bluffs, but bluffs aggressively.

With each question playing the role of a cup (we look at sixty
questions here: the 11, 12, 13, 14 and 23 series detailed in [2, 3,7,
8]), Figures 1 and 2 document (on a logged scale) the evolution of
wealth as issues change. Skill and attitude are two organic impera-
tives that drive these evolutions. If the guessers are skilled (that is,
can rightly predict agreements or disagreements), their wealth will
increase (that is, the “cR" term in Table 1 will be positive) and if they
are aggressive (that is if they put a lot at stake, that is, Cs are higher
in magnitude) their wealth will get updated by huge amounts.

To test our intuitions, were erect five hypothetical guessers:
PS: who strongly (with ¢ more than 0.7) believes that two individ-

uals would agree,

Cumulative wealth profile, men, very conservative
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PW: who weakly (with ¢ more than 0.35) believes that the two
individuals would agree,

N: who is neutrally positive and is unwilling to pick a side,

NW: who weakly (with ¢ less than —0.35) believes the two indi-
viduals would disagree,

NS: who strongly (with c less than —0.7) believes that the two
individuals would disagree,

and task each of them with predicting the agreement pattern under:

Case (i) (shown in Figure 1(a)): where the two people being
checked for possible agreement are the same person (we
took this to be the first person on the survey, but this can
be anybody).

Cumulative wealth profile, combined
30-

series 20- series
- WyPs == cps
£
- ywyvew 8 - cpw
= wyn % - cn
- wyins  2qp- = Cns
Wy NW = cnw
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Time
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20
series series
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£
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- gons 2 == r3NS
B gr2nw B granw

Figure 2. Wealth profiles under SM and UMM sampling schemes, PS, PW, N, NW, and NS betting strategies.
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Case (ii) (shown in Figure 1(b)): where one never — not even once
on the set of sixty questions — says what the other says.

Clearly, given case (i), that is, under the knowledge of perfect

agreement (one, by definition, will agree with oneself consistently),

the “P"-category guessers will seem to be the most skilled and

among them, “PS" should amass the larger fortune, while the “N"s

will seem to be unskilled and “NS” will suffer more. Figure 1(a)

confirms this. The situation, expectedly, reverses perfectly under

case (i), when strongly saying people will disagree will be the most
profitable (Figure 1(b)). Panels (c), (d), and (e) showcase the scenario
when they agree only half the times and when that half happens.

These are expected too.

On the fuller survey data, we extend this analysis and ask, for
instance, if we knew the two people have similar demographic
(similar gender, income, age, education, etc.) or political details,
should we bet strongly that they would agree on these social
issues? Or, if they have differing details, then bet strongly that
they would disagree? However many details we record, there will
generally be many individuals with these properties. Many pairs
may, therefore, be formed (this did not happen in cases (i) or (i)
above, where, in each case, we had two people, and hence, just
one pair). Depending on how we choose to form the pairs, we
install the following sampling schemes:

Sure match (SM) scheme: when the two people picked surely have
the same details (for instance, both are surely men, or both are
surely women, if we are considering just one detail: gender).

Sure mismatch (SMM) scheme: when they surely have different
details (surely one is a man, the other, a woman).

Unsure mismatch (UMM) scheme: when they may or may not
have the same details (they could both be men, or both women,
or one a man and the other a woman).

We add a general Gk(x, y) guesser whose confidence on any
guess never goes beyond the limit (x, y). If the gap between x
and y increases, the guesser becomes chaotic (potentially changing
his attitude a lot across the sequence), if it decreases, their attitudes
become more stable. For instance, Gp(0.7, 1) = PS.

A line on Figure 2, at any time, represents the average wealth
accumulated across comparing all possible pairs of people up to
that point in time, according to that sampling-guesser profile (trend
lines and confidence intervals are supplied for easier visualisation).
The requirement that people should be similar across many demo-
graphic and political details (instead of a few) necessarily offers
fewer potential pairs that may be formed for possible opinion agree-
ment. This explains why the lines in the lower row on Figure 2 are
more volatile than those in the first.

Generally, we may have felt that given that two people share
similar details, the better who bets on their agreement (i.e., the
Gp ones) will accumulate wealth and those that bet aggressively
will accumulate more wealth. While this is true when the two are
sampled from some sections of the population, at least initially — for
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instance, when both are very liberal women (Figure 2) — this is not
the case in general, for instance, for very conservative-leaning men.

Figures 3 and 4 invite parameters such as income and education,
in addition to gender and politics (under any mismatch scheme —
UMM or SMM — we have sampled individuals from the extremes of
these demographic axes to mimic the possibility of being maximally
incongruous) under the chaotic (Figure 3) and more stable (Figure 4)
betting attitudes (with an x-y range of 0.2). This attitude does
not influence the way of wealth accumulation for certain groups
(for instance, SMs for very conservative, low income, uneducated
men, row 1, column 2, Figures 3 and 4), while it does for some
others (for instance, SMs for very liberal, high income, educated
women, row 2, column 2, Figures 3 and 4). The amounts of wealth
variations, however, differ, even for the groups where the patterns
and order of the five colors stay the same. Thus, for instance, saying
very strongly that two very conservative, low income, uneducated
men will keep agreeing will be a recipe for losing money. But one
would lose more money (—40 on the log-wealth scale) under the
chaotic scheme (betting 0.7 of the current capital on one question,
0.98 on the next) than (—30 on the log-wealth scale) under the
stabler scheme (betting 0.7 of the current capital on one question,
0.75 on the next), for instance.

Under minimal background knowledge (Figures 3 and 4, col-
umn 1), nearly every strategy will inflate wealth as long as one
consistently sticks to the strategy, although the amount of inflation
would vary. As many details get revealed, frequently, we find results
one may expect. While contrasting very different individuals (rows
3 and 4, column 2, Figures 3 and 4), betting (strongly or weakly)
that they will disagree will be profitable in the long run. However,
the opposite need not be true. With two people that are very
similar, strongly betting on their agreement need not be prudent
forever (rows 1 and 2, column 2, Figures 3 and 4). Neutrality may
be recommended at these times.

In most of the examples we have documented, at least on the
larger-sized combinations (that is where many pairs could have
been formed, that is, on the lines with lower volatilities) the blue NS
lines stay, generally, on top. Thus, if we are not sure of the nature of
the people whose agreement is being questioned, betting strongly
that they would disagree seems to be a sure way of accumulating
wealth. How much will be accumulated, however, depends on
the people being compared and the way of comparing. There are
other benefits to tracking the evolution this way instead of simply
reporting the final wealth. Figures 1(c) and 1(d), for instance, show
how the ultimate wealth state (and the amount of fluctuations)
could be similar, but the way to reach that state could be quite
different. On nearly each diagram on Figures 2, 3 and 4 made with
the real survey data, we note structural shifts around question 40
(with this specific order of querying), signaling the onset of a group
of touchy issues and divisive questions that alter substantially the
ongoing pattern of wealth accumulation — whether good or bad -
fracturing a neat predictability.
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Figure 3. Wealth profiles under chaotic strategies outlined above. Many pairs go on to form column 1, fewer to form column 2 (which explains the stabler
and wilder fluctuations). We recommend staying away from comparing across columns but comparing within a column.
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People have checked whether two jury members would agree
(a judge, for instance, may be interested in that).’

The “fortune” may not literally represent money, but some
other version of capital: how long would the trial last, how long
would a relationship thrive (between two people as long as they
continue to agree on certain key things, between a researcher and
a research topic as long as the researcher agrees on the interest-
ingness of the topic). Basically, as long as guessing the agreement
between two sides is of interest, all of this will go through. Or
it could be literal money too. There is something called “bet-on
agreement” that is similar.?

For relevant subtleties on gambling over public opinion, we
point interested readers to [1]. Other authors have looked at the
effect of demographic factors on betting tendencies too, in other
ways, for other ends [4, 5].

You may not care much about betting. For frittering away time
and money on pointlessly risky pursuits (How to Gamble If You
Must may be a good read). Still, these line diagrams, through their
ability of revealing the wealth you could have accrued, of pointing,
more vitally, to deeper cracks in the societies’ thought patterns,
of showcasing fluctuating fortunes and other ramifications that
result, become momentarily worth watching.
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Obituary of Peter Lax

Constantine M. Dafermos

Peter David Lax passed away on May 16, 2025, having lived a long
and riveting life. He was the last of the generation of great analysts
who, in the mid-twentieth century, set the current directions in the
field of partial differential equations.

Peter was born to a Jewish family in Budapest on May 1, 1926.
His parents were established physicians, so he and his older brother
John grew up in a comfortable, intellectual family environment.
Peter demonstrated extraordinary mathematical ability from an
early age.

The life of the family was turned upside down by the coming
of World War Il. Fortunately, the American consul in Budapest was
a patient of Peter’s father and secured for them visas to the United
States. Peter often recounted his memories as a fifteen-year old
traveling in a sealed train from Budapest to Lisbon, through Ger-
many, and boarding the last steamship to New York on October 5,
1941, just two days before the attack on Pearl Harbor.

Peter’s father set up a successful practice in New York City, with
notable patients such as Béla Bartok, Alexander Korda and Greta
Garbo. Eventually, the family settled in an apartment house on the
Upper West Side which has become the residence of three Lax
generations.

Peter’s reputation as a mathematical prodigy having preceded
his arrival in the U.S., he was soon introduced to his famous com-
patriots John von Neumann and Gabor Szeg6 and also to Albert
Einstein. On the recommendation of Szeg6, who was actually a rel-
ative of Peter, he enrolled at the age of sixteen in the mathematics
program of New York University, directed by Richard Courant.

Two years later, Peter’s studies were interrupted when he was
drafted into the U.S. Army. Fortunately, he was assigned to the
Manhattan Project and spent the bulk of his army service at Los
Alamos, where he had the opportunity to become acquainted with
prominent physicists and applied mathematicians—both senior,
including Enrico Fermi, Edward Teller and Stanistaw Ulam, and of
his own generation, Richard Feynman, Richard Bellman and John G.
Kemeny. Peter was particularly impressed by the intellectual power
and scientific breadth of von Neumann, who thence became his
hero.

At Los Alamos, Peter witnessed the effectiveness of applying
mathematics to real-life problems and in particular the usefulness
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of scientific computation. These experiences are manifested in his
future teaching and research. It thus appears that in addition to
changing the course of his life, the Second World War also set the
directions of his scientific work.

In 1946, Peter was discharged from the army and returned to
NYU in order to complete his undergraduate work and to enroll in
the graduate program. As a graduate student, he was fortunate
to be exposed to the teaching of world-class experts in partial
differential equations, including Courant, Kurt Friedrichs, and Fritz
John, and also to be in the company of classmates like Joe Keller,
Cathleen Morawetz, Harold Grad, Louis Nirenberg, and Martin
Kruskal, who along with him would join the ranks of the next
generation'’s leading mathematicians. He completed his dissertation
on hyperbolic equations, under the direction of Friedrichs, and was
awarded the PhD in 1949.

Peter and several of his gifted classmates joined the faculty
of NYU. The new appointees Lax, Nirenberg and Morawetz, to-
gether with Courant, Friedrichs and John of the older generation,
rendered NYU the Mecca of partial differential equations in the
U.S. throughout the mid-twentieth century.

As a researcher, Peter possessed a talent for early recognition
of fertile open fields, along with the insight to discern internal,
possibly simple, structures underlying complex mathematical phe-
nomena. lllustrative examples of Peter’s contributions that look
deceptively simple and yet played a central role in the develop-
ment of the theory of linear partial differential equations and of
numerical analysis in the 1950s are the Lax-Milgram lemma and
the Lax equivalence theorem. Another demonstration of Peter’s
insight is his work on integrable systems, in the late 1960s: A large
family of partial differential equations had been derived over the
years which possessed an infinite number of conserved integrals
as well as soliton solutions with remarkable interaction properties.
By introducing the celebrated Lax pairs, Peter solved the mystery
by uncovering the abstract underlying structure shared by these
diverse equations.

Another major contribution of Peter Lax, which opened a new
chapter in the theory of partial differential equations, stemmed
from his work on quasilinear hyperbolic systems in divergence form,
which he dubbed hyperbolic conservation laws, a term that has
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now become standard. Numerous systems of this type, manifesting
the conservation laws of classical physics, had been derived and
studied over the years, beginning with the Euler equations that
govern isentropic gas flow. In a seminal paper published in 1957,
Peter distilled the diverse information that had been amassed over
a period of two centuries and developed a systematic formalism
for hyperbolic systems of conservation laws in a single spatial di-
mension which set the direction of research in the area up to the
present time. Peter himself made further important contributions
to that field by abstracting the notion of entropy and by building,
in collaboration with Jim Glimm, a complete theory of BV solu-
tions to pairs of conservation laws. He also contributed to the
numerical analysis of hyperbolic conservation laws by developing,
together with Burton Wendroff, the method associated with their
names.

Of course, Peter Lax did important notable research in several
other fields, for example in scattering theory, in collaboration with
Ralph Phillips. However, his impact extends beyond his printed
papers. Indeed, his views on applied mathematics circulated widely.
He was an effective teacher and mentored a number of gifted stu-
dents who then spread the word. He lectured extensively around
the globe and participated in countless panels and governing
boards.

Peter Lax also played a leading role in scientific administration,
beginning with his service as Director of the Courant Institute over
the period 1972 to 1980. He also served as Vice President and then
President of the American Mathematical Society, as a member of
the Board of Governors of the National Science Foundation, and
on innumerable program evaluation committees.

Lax’s contributions were amply recognized by the international
scientific community and he received a great number of honors,
including major ones such as the Abel Prize, the Wolf Prize and
the National Medal of Science. He was a member of the National
Academy of Sciences, the Soviet Academy of Sciences, the French
Academy of Sciences, the Hungarian Academy of Sciences and the
Academia Sinica.

The single word that would describe Peter's personality is
“charm,” which radiated to people of any age and gender. His
charm was inseparable from his generosity, in scientific matters as
well as in everyday life. He encouraged and nurtured his numer-
ous students together with many other younger mathematicians.
In fact, my first acquaintance with Peter and his work, back in
1969, set to a great extent the direction of my scientific work.

Peter was very cosmopolitan. He arrived in the U.S. young
enough to become fully immersed in American culture and yet
mature enough to have retained vestiges of the culture of his
native Hungary, including slight traces of a Hungarian accent. His
cosmopolitanism was further nurtured by his tenure at the Courant
Institute, in the company of teachers, colleagues and students
from all over the world. He was also a fabled storyteller about his
encounters with notable people.
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Peter Lax receiving the 2005 Abel Prize from His Royal Highness Crown
Prince Haakon in the aula of the University of Oslo. (Photo: Scanpix, by
courtesy of The Abel Prize)

Peter was a keen follower of national and international politics.
He was of liberal persuasion and abhorred totalitarian regimes, left
and right. My impression is that he was a pragmatist rather than an
ideologue. In fact, as | recall, he once told me that “moderation”
was his favorite word in the lexicon.

In 1948 Peter married Anneli Cahn, a classmate in graduate
school and later a colleague at the Courant Institute. They had two
sons, Johnny and Jimmy. Unfortunately, Johnny died in 1982, in
a tragic traffic accident, and this was a severe blow to his parents
and | could see Peter's emotional reaction whenever he visited
Brown University, which was Johnny's alma mater. Jimmy became
a physician and stayed close to his parents. Anneli died of cancer in
1999 and in 2006 Peter married the violist Lori Berkowitz, who was
the widow of the mathematician Jerry Berkowitz and the daughter
of Courant; she also preceded him in death.

It is amusing to observe the quirks of famous scientists. Since
the time he was young, Peter often dozed during lectures, and lec-
turers who were not aware that this was habitual felt disappointed
and occasionally even insulted. At the conclusion of lectures, Peter
made sure to ask relevant questions to the lecturer to demonstrate
that he could follow even when he was asleep!

Peter’s life touched the lives of many people. Neither the man
nor his work will be forgotten.
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The Fermat Museum in Beaumont-de-Lomagne (France),

a new place to love mathematics

Maryvonne Spiesser

Since last July (2024), a new museum dedicated to mathematics
and its key figures has opened in Beaumont-de-Lomagne,’ the
birthplace of Pierre (de) Fermat. The Fermat Science Association,
founded in the 1990s and responsible for the design of this mu-
seum, has extensive experience in promoting mathematics to the
general public and schoolchildren. With the opening of this mu-
seum, the association is fulfilling its initial goals: promoting access
to mathematical culture for all, popularizing mathematics, and
energizing the birthplace of Pierre de Fermat.

The museum is housed in the private mansion of the Fermat
family. The building dates back to the 16th century, and in this
historic location, architects have created an outstanding museum
structure while preserving the most prestigious elements of the
former residence. Beaumont-de-Lomagne is a town of about 4,000
inhabitants located in Tarn-et-Garonne, at about sixty kilometers
from Toulouse. The challenges of establishing the museum in a rural
area, far from cultural centers, as well as the expected audience,

The Fermat family mansion. (Courtesy of Fermat Science Association)

1 At one-hour drive North-West from Toulouse (south of France). At 45
minutes from the international airport Toulouse-Blagnac, 35 minutes from
Montauban, 25 minutes from Castelsarrasin. There is no railway station in
Beaumont-de-Lomagne, but there are such stations in Montauban and
Castelsarrasin.
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Pierre de Fermat (engraving by Francois Poilly, ca. 1679).

mainly families and school groups, led to the design of an original
space divided into three sections: at the start of the visit, the focus
is on the architectural heritage and 17th-century history; then
the mathematics of the 17th century; and finally, contemporary
mathematics.

We first step into the intimate world of Pierre de Fermat. A holo-
gram recreates the mansion as it appeared in the time when the
mathematician lived there. A family tree represents the three fami-
lies from which Pierre de Fermat and his wife Claire Delong came.
It also shows the interactions between the two religious groups,
Catholic and Protestant, as well as the evolution of society to-
wards an increasing importance of the merchant bourgeoisie and
its rise to the nobility through the judiciary. Fermat was appointed
magistrate to the Toulouse Parliament in 1631. He lived between
his hometown, Toulouse, and Castres (at one-hour drive from
Toulouse), where he was repeatedly appointed to sit in the Chambre

35



A

Cept
e Sy U&K O ™y
 Slecle ty (ﬁ\oﬁuemr:]é;t‘"w

umhqmnhtuwamamu

e el el g
Prosinrs

The 17th-century corridor. (Courtesy of Fermat Science Association)

de I'Edit, a chamber composed equally of Catholic and Protestant
magistrates.

The major events of the 17th century, whether political, reli-
gious, or scientific, are recounted through a so-called “game of
goose,” created for this purpose.

In the next section, we imagine Fermat's library. We know his
main readings from his correspondence. Among the key documents
in this library are Apollonius of Perge’s Conics and Diophantus’
Arithmetica in a Greek-Latin version. Fermat owned a copy of
the latter (now lost), in which he wrote in the margin the well-
known conjecture that was made famous after its proof by Andrew
Wiles in 1994. Also highlighted are Viete's Ars Analytica, Fermat's
favorite book from which he gained his algebraic knowledge, and
Bachet de Méziriac's Problémes plaisants et délectables. Several
public activities, such as magic squares, are based on this book of
“mathematical recreations.”

On the mathematical side, a room is dedicated to the scientific
fervor of the early 17th century, to the République des Lettres
originally fostered by Father Mersenne, who created a European
communication network for scholars. A focus on the cycloid, the
“queen of curves,” which fascinated many of Fermat's contempo-
raries, illustrates this idea.

The final section of the permanent exhibition is dedicated to
contemporary mathematics. Interactive devices explore some ar-
eas of modern mathematics linked to Fermat’s work (probability,
optimization, number theory).

The contribution on probabilities is discussed through the Prob-
léme des partis, which was the main subject of the correspondence
between Fermat and Pascal in 1654. A game of chance between
two players (with initial stakes) is interrupted before one of them
wins. The question is how to fairly divide the stakes based on
the number of rounds each player has accumulated (“sharing of
stakes”), implying that, if the game were to resume, each player

36

should bet the amount they received. A video game has been
created to help understand this problem.

Fermat was one of the pioneers of future infinitesimal calculus
with his Method for finding maxima and minima (heavily contested
by Descartes). This area of mathematics is represented in the mu-
seum by a narrated video about optimal control, regarding the
calculation of satellite trajectories (orbital transfers).

Finally, the story of Fermat’s Last Theorem, which captivated
the most eminent mathematicians for several centuries before
making headlines worldwide in the 1990s, is presented through
a comic book and an exclusive interview with the main author of
the proof, Andrew Wiles.

A room is also dedicated to temporary exhibitions. The first of
these is titled Enter the World of Al. It was created by Fermat Sci-
ence in partnership with the House of Mathematics and Computer
Science in Lyons and the Poincaré House in Paris (two museums on
mathematics which the EMS Magazine has covered in recent issues).
The next exhibition will start in January 2026, on mathematics and
cooking (Dans ma cuisine).

Children aged 3-8 are also given significant consideration.
A space is dedicated to them, currently organized around geo-
metric shapes through construction games. This area is set to
evolve to feature “Emmy the Fox,” an activity created within the
framework of the Fermat Science Association's relations with its Eu-
ropean partners, which will invite younger audiences to appreciate
mathematics as soon as January 2026.

In this unique place, aimed at family, tourists, and school audi-
ences, we sought to involve visitors as much as possible throughout
the journey, which is made possible by the technological tools avail-
able today. Manipulations, puzzles, and challenges are part of the
experience.

Our goal is to immerse the visitor in the life of a 17th-century
family, honor the memory of Pierre de Fermat, and transmit his
passion for mathematics to the public, offering “another perspec-
tive on mathematics” (“une autre idée des mathématiques”) by
providing an innovative space around scientific and mathematical
culture. These are the ambitions that guided the creation of this
space.

More information and details on the website museefermat.com;
contact at contact@museefermat.com.

Maryvonne Spiesser was a lecturer in mathematics and history of
mathematics at the University of Toulouse 3, France. Her research
focuses on the history of practical arithmetic and algebra at the end

of the Middle Ages, and on 17th-century mathematics, particularly on
Fermat’'s work. She is involved in the popularization of mathematics and
is vice-president of the Fermat Science Association.

maryvonne.spiesser@orange.fr
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Nineteen years of ICMAT: strengthening excellence in mathematical research

Javier Aramayona and Agata Timoén Garcia-Longoria

The Institute of Mathematical Sciences (ICMAT) in Madrid, Spain,
celebrates this year its nineteenth anniversary, marking its consol-
idation as an internationally recognised research centre spanning
all areas of mathematics. ICMAT is a joint initiative of the Span-
ish National Research Council (CSIC, the country’s largest public
institution devoted to scientific and technical research, under the
Ministry of Science, Innovation and Universities) and three leading
public universities in Madrid with strong traditions in mathemat-
ics: the Universidad Autonoma de Madrid (UAM), the Universidad
Complutense de Madrid (UCM), and the Universidad Carlos Il de
Madrid (UC3M).

ICMAT was founded in 2007 and moved in 2010 to its cur-
rent building, a modern facility offering excellent infrastructure for
mathematical research. Despite its short history, the institute has
established itself as a leading mathematics centre in Europe, both
in terms of research excellence and scientific activity.

ICMAT's international standing is reflected in several indicators.
To date, its researchers have secured 12 European Research Council
grants across the Starting, Consolidator and Advanced categories,
amounting to about half of all ERC funding awarded in Spain within
the Mathematics panel (PE1). These projects span areas such as
singularity formation in the Euler and Navier-Stokes equations;
geometry-driven phenomena in fluid mechanics, PDEs and spectral
theory; harmonic analysis; partial differential equations and geo-
metric measure theory; quasiconformal methods and their applica-
tions; and restriction phenomena for the Fourier transform with im-
plications for Schrodinger and wave equations. In these and other
fields, ICMAT researchers are recognised as international leaders.

In addition, the institute has strengthened its presence at the
discipline’s leading forum, the International Congress of Mathem-
aticians. At the upcoming 2026 ICM in Philadelphia (USA), two
ICMAT researchers will be invited speakers: David Pérez Garcia, for
his work on the mathematical classification of quantum phases
of matter, and Javier Parcet, for his advances on Connes’ rigidity
conjecture in functional analysis and geometric group theory. This
follows the invitation of Diego Coérdoba as a speaker at the 2018
ICM in Rio de Janeiro.

ICMAT's development has been supported to a significant ex-
tent by the Severo Ochoa and Maria de Maeztu Programme for
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Figure 1. ICMAT is located on the UAM+CSIC Campus of International
Excellence in Madrid. (Credit: Alvaro Minguito/ICMAT)

centres and units of excellence, established in 2011 by the Spanish
Ministry of Science, Innovation and Universities to identify and
fund research structures of outstanding international impact. Each
Severo Ochoa accreditation provides €4 million over a four-year
period, together with approximately ten PhD fellowships. ICMAT
has been part of the programme since its inception, receiving dis-
tinctions in 2011, 2016, 2019 and 2023, making it one of only five
research centres in Spain, across all disciplines, to have obtained
four such awards to date. This support has enabled the institute
to implement its scientific strategy, firmly grounded in research
excellence, high-impact scientific activity, the training of young
researchers and a sustained commitment to strengthening the
presence and value of mathematics within society.

Over 200 people committed to mathematical research
ICMAT's evolution under the Severo Ochoa programme becomes
evident when examining changes in personnel between 2010 (prior

to the firstaward) and 2022. In 2010, the institute comprised 40 fac-
ulty members, 20 postdoctoral researchers, 29 graduate students
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Figure 2. The ICMAT facilities make it possible to host an intense program
of scientific activities.

and 5 management staff. By 2022, these numbers had risen to
65 faculty, 50 postdoctoral researchers, 45 graduate students and
11 management staff.

Permanent researchers are senior and highly influential scient-
ists, many of whom have received prestigious distinctions. Not-
ably, Diego Cordoba was awarded Spain’s National Research Prize
in 2023 and Antonio Cérdoba, former director of the centre, re-
ceived the same prize in 2011. In addition, Alberto Enciso was
honoured with the Princess of Girona Prize in 2014, and David
Rios Insua was awarded the AXA-ICMAT Chair in Risk Analysis.
Several ICMAT researchers are also members of the Royal Spanish
Academy of Sciences.

The vibrant international postdoctoral community at ICMAT,
comprising around 60 researchers at any given time, plays a key
role in the institute’s scientific dynamism. These early-career sci-
entists are attracted through highly competitive calls and typically
undertake two-year research stays, often supported by prestigious
national and European fellowships. Their presence contributes to
a constant renewal of research lines and fosters strong interna-
tional collaborations. In parallel, ICMAT provides an outstanding
training environment for young researchers: about 45 doctoral
candidates are currently pursuing their PhD dissertations under
the supervision of permanent staff, benefiting from close mentor-
ing and an active programme of seminars, workshops and visiting
scholars, while around ten master’s students each year are offered
a structured introduction to research and receive close supervision
for the development of their master’s theses.

Moreover, the institute further benefits from an excellent man-
agement team consisting of 11 people, working in areas such as
IT services, project and grant management, outreach and commu-
nications, travel administration and the organisation of scientific
events, providing essential support for the effective operation of
the centre. This team has been created thanks to the Severo Ochoa
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Figure 3. A large part of the centre’s activity is funded by the Severo
Ochoa programme of the Ministry of Science, Innovation and Universities.
(Credit: Alvaro Minguito/ICMAT)

programme, and its work is essential to the development and
functioning of the institute’s scientific activity.

In line with its commitment to nurturing talent at all career
stages, ICMAT has also developed several initiatives addressing
equality and gender issues within the mathematical community,
a field in which a significant gender gap persists worldwide. These
sustained efforts were formally recognised with the CSIC Gender
Equality Accreditation Distinction, awarded to the institute in 2021.

Research structure

ICMAT's research activity is currently organised into three main
scientific groups:

» Group A: Algebra and Geometry. Focused on areas such as
abstract algebra, algebraic geometry, differential geometry and
topology, including fundamental questions in group theory,
number theory, geometric mechanics and their applications in
mathematical physics.

« Group B: Mathematical Analysis and Differential Equations.
Encompassing harmonic analysis, partial differential equations,
geometric group theory and functional analysis, with research
ranging from classical analytical problems to applications in
mathematical physics.

» Group C: Applied Mathematics. Working at the interface of
mathematics with data science, machine learning, quantum
information and mathematical modelling for scientific and
technological applications.

Research conducted at ICMAT is regularly published in leading
mathematics journals, including Annals of Mathematics, Acta Math-
ematica, Inventiones Mathematicae, the Journal of the American
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Mathematical Society, Duke Mathematical Journal and the Proceed-
ings of the National Academy of Sciences, among others.

These achievements also translate into research projects funded
through various competitive instruments, both national and inter-
national. Beyond the ERC grants, ICMAT participates in European
Union schemes ranging from Marie Sktodowska-Curie Actions in
Pillar | to projects within Pillar I, Global Challenges and European
Industrial Competitiveness. In Spain, ICMAT researchers lead over
30 research projects annually, primarily funded by the Spanish State
Research Agency (AEI), the main public funder of basic research in
the country.

Intensive research activity

A significant proportion of ICMAT's scientific activities is funded
through the Severo Ochoa programme. A central component of
this scientific programme is the Severo Ochoa Laboratories and Dis-
tinguished Visiting Professors Programme, designed to strengthen
research groups led by internationally renowned external research-
ers.

The ICMAT-Severo Ochoa Laboratories create local research
clusters led by one or two exceptionally strong mathematicians, se-
lected through a competitive international process. Each laboratory
receives funding for scientific activities, including the organisation
of a thematic programme, as well as support for predoctoral and
postdoctoral positions. They provide a natural framework for col-
laboration among research lines aligned with the interests of the
laboratory director(s), enhance ICMAT's international visibility and
contribute significantly to the training of young researchers.

The fourth edition of the programme, launched in 2024, fea-
tures eight laboratory directors: Martin Bridson, Ignacio Cirac,
Charles Fefferman, Ngd Bao Chau, Nigel Hitchin, Gilles Pisier, Alan
Reid and Mikael de la Salle. The current distinguished visiting pro-
fessors are Bruno Anglés, Elena Celledoni, Monika Ludwig, Eugenia
Malinnikova, Eero Saksman and Eva Miranda.

Since its creation in 2012, the programme has included promin-
ent laboratory directors such as lan Agol, Simon Donaldson, Viktor
Ginzburg, Marius Junge and Stephen Wiggins, and Distinguished
Visiting Professors including Kari Astala, Anthony Bloch, Filippo
Bracci, Anthony Carbery, Juncheng Wei, Marius Junge and Rafael
de la Llave.

Fostering mathematical vocations

As part of its scientific strategy, ICMAT maintains a strong com-
mitment to training new generations of mathematicians. Beyond
its participation in standard master’s and doctoral programmes,
the institute develops its own initiatives aimed at fostering and
identifying early mathematical talent.
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Figure 4. In 2025, four first-year undergraduate students in mathematics
began the ICMAT Mathematics Intensive Programme. (Credit: Alvaro
Minguito/ICMAT)

In 2025, ICMAT launched the Mathematics Intensive Pro-
gramme (MIP), the first intensive training programme for under-
graduate mathematics students in Spain. The aim of MIP is to offer
a very small group of undergraduates with extraordinary mathem-
atical talent a high-level complementary education in a stimulating
environment. The programme fills an important gap in the Spanish
system, which previously lacked a structured initiative to nurture
the early development of highly capable university students, as
found in other European countries.

Four students have taken part in this inaugural edition, selected
from more than 70 applicants. Each has been assigned an ICMAT
researcher as mentor for the duration of their degree. In addition to
mentorship, MIP offers advanced minicourses and other activities,
open upon registration to other undergraduates. At the end of
each academic year, participants present a mathematical project
before ICMAT researchers, and upon completing their undergradu-
ate studies receive an official certificate from the Spanish Research
Council (CSIC) accrediting their participation in the programme.

Through MIP, ICMAT expands its long-standing commitment
to mathematical training, which already includes the Pequefio Insti-
tuto de Matematicas (PIM). In this programme, every Friday during
the school year, 150 students aged 12 to 18 gather at ICMAT
to explore mathematics in an engaging, problem-solving environ-
ment that differs from standard classroom instruction. Launched
in 2022-2023, PIM provides a setting for young people passionate
about mathematics to develop their interest and curiosity.

ICMAT also organises the JAE School of Mathematics, held
annually for senior undergraduate and master’s students. Over two
weeks, around 100 participants engage directly with cutting-edge
research topics and interact with active researchers. In parallel,
the Severo Ochoa Introductory Research Fellowships (INTRO-SO)
offer 25 undergraduate students (and exceptionally, master’s
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Figure 5. ICMAT is committed to fostering interest in mathematics among
students at different educational levels. (Credit: Alvaro Minguito/ICMAT)

students) a one-month training placement supervised by an ICMAT
researcher, introducing them to the institute’s research lines and
scientific activity.

Beyond the mathematical community

ICMAT is also a pioneering centre in the communication and dis-
semination of mathematics. In 2012, it created its Mathematical
Culture Unit, staffed by professionals dedicated to outreach and
public engagement who work closely with researchers and partner
institutions to bring mathematics to diverse audiences. In 2014,
the unit was recognised as a Scientific Culture Unit by the Spanish
Foundation for Science and Technology, becoming the only special-
ised mathematics unit with this distinction. Its head, Agata Timén,
has been invited to participate in a round table on mathematics
communication at ICM 2026 in Philadelphia (USA).

The unit produces original content on ICMAT's scientific activ-
ities (newsletters, website news items and interviews, and audi-
ovisual material for major social networks) and collaborates actively
with mainstream media. For ten years, it coordinated the math-
ematics section Café y teoremas in El Pais, publishing around 400
articles by contributors from around the world and reaching more
than one million readers annually. Two new sections succeed this ini-
tiative in 2025: Dimension Fractal in elDiario.es and Entre teoremas
in ABC.
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In addition, the unit organises around thirty workshops, lectures
and other activities each year for general and school audiences,
presenting mathematical topics in an engaging and accessible
manner.

ICMAT also plays an active role in the structuring of Spanish
and European science. Nationally, its director, Javier Aramayona,
serves as second vice-president of SOMMa, the alliance of Severo
Ochoa centres and Maria de Maeztu units, of which ICMAT is
a member. At the European level, he is vice-president of ERCOM,
the committee of the European Mathematical Society that brings
together Europe’s leading mathematics research centres. ICMAT
has been a member of ERCOM since 2016.

Javier Aramayona is a permanent researcher at the Spanish National
Research Council (CSIC) and works at the Institute of Mathematical
Sciences (ICMAT), where he serves as director since October 2022. He
earned his PhD from the University of Southampton in 2005 and has held
academic positions in the U.K., France, Ireland, and Spain before joining
CSIC in 2020. His research focuses on geometry, topology, and group
theory, and his work has been widely published in leading mathematics
journals. He currently holds institutional roles at the European and
national levels, serving as vice-chair of the European Research Centres
on Mathematics (ERCOM) and as vice-president of the SOMMa (Alliance
of Severo Ochoa Centres and Maria de Maeztu Units), and he has

a strong interest in scientific policy, particularly in the articulation and
strengthening of the Spanish and international research systems and in
the creation of a more cohesive and inclusive scientific system.

javier.aramayona@icmat.es

Agata Timén Garcia-Longoria has coordinated the Mathematical Culture
Unit at the Institute of Mathematical Sciences (ICMAT) since its founding
in 2012. She holds a degree in mathematics from the Complutense
University of Madrid, as well as two master’s degrees from the Carlos

11l University of Madrid: one in science, technology and environmental
communication and journalism, and another in applied research in media.
Throughout her career, Timén has focused on promoting mathematics
through a wide range of formats, primarily written media, but also
video, audio, and live events such as workshops, lectures, and theatrical
performances. She is the author of five popular science books and,
since 2016, has coordinated Café y teoremas, a mathematics outreach
section in El Pais, the leading Spanish-language newspaper. She has pub-
lished over 250 articles in the media, mainly on science and mathematics.
Now she coordinates Dimension fractal in elDiario.es and Entre teoremas
in ABC.

agata.timon@icmat.es
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Renewing doctoral education in Finland — with applied mathematics at the forefront

EMYA column regularly presented by Jesse Railo

Mikko Helenius, Tanja Tarvainen and Siiri Utriainen

In 2024, Finland’s Ministry of Education and Culture announced
a pilot programme for renewing doctoral education practices in
Finland, with an aim at shortening graduation times and enabling
faster employment of doctors by companies. This pilot programme
aims to train 1000 new doctors in three-year-long pilot projects.
One of the selected pilot projects is the Doctoral Education Pilot for
Mathematics of Sensing, Imaging and Modelling (DREAM), which
is a consortium formed by partners in seven Finnish universities,
aiming to pilot doctoral training practices in the fields of applied
mathematics, physics, computing and imaging sciences.

Finland — the land of Nokia, Oura, ICEYE and Supercell to name
a few — has a vibrant technology industry supported by the nation’s
rich history in technological research. Its role in the Finnish economy
is significant, accounting for 12% of Finnish employment and
producing more than half of the country’s exports of goods and
services [1].

For years, Finland has aimed to increase its research and de-
velopment (R&D) financing to four percent of its gross domestic
product (GDP) by 2030. This goal was set in 2017 by the Research
and Innovation Council, led by the prime minister, and again by
the National Roadmap for Research, Development and Innovation
in 2020 [6]. A national legislation on central government R&D
expenditure, a unanimous commitment in the Parliamentary Re-
search, Development and Innovation (RDI) working groups, and
a multiannual funding plan have since followed to realise this target.

This ambitious goal also underlines the importance of increasing
the number of top RDI talents in the Finnish workforce. In February
2024, the Ministry of Education and Culture (OKM) announced that
it would allocate €255 million to Finnish universities to implement
a doctoral pilot programme [5]. By providing funding to recruit
1000 new doctoral researchers, this initiative aims to increase the
number of doctorates, enhance and develop doctoral education
practices, strengthen the RDI-related talent pool, and increase
Finland's international competitiveness [4].

After an open call to universities, 15 pilot projects were chosen
based on an international review carried out by the Research Coun-
cil of Finland. Nine of these pilot projects take place in the research
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fields of the Flagship Programme of the Research Council of Fin-
land, and six pilots’ research fields were chosen freely. One of the
selected pilot was the Doctoral Education Pilot for Mathematics
of Sensing, Imaging and Modelling (DREAM).

1 Doctoral Education Pilot for Mathematics of Sensing,
Imaging and Modelling

The Doctoral Education Pilot for Mathematics of Sensing, Ima-
ging and Modelling is one of the thematic projects of the doctoral
education pilot programme. It originates from the Flagship of Ad-
vanced Mathematics for Sensing, Imaging and Modelling (FAME),
which serves as a foundation for the DREAM pilot’s core research
community, methodological expertise, and industry-driven training.

1.1 Flagship of Advanced Mathematics for Sensing, Imaging
and Modelling

Since 2018, the Research Council of Finland has funded the Finnish
Flagship Programme as part of the Finnish government'’s research
and innovation goals. Supported by a long-term funding, this initi-
ative facilitates high-quality research ecosystems, called flagships,
each working on their focused areas, for example, artificial intel-
ligence, 6G, water resources, climate change mitigation, chronic
diseases, and quantum technology.

The Flagship of Advanced Mathematics for Sensing, Imaging
and Modelling (FAME) is a multidisciplinary competence centre that
has its roots in the Finnish inverse problems research community [2].
The flagship consortium is formed by eight partners: Aalto Uni-
versity, Finnish Meteorological Institute, LUT University, Tampere
University, University of Eastern Finland, University of Helsinki, Uni-
versity of Jyvaskyla, and University of Oulu, with Tanja Tarvainen
(University of Eastern Finland) as its director, and Nuutti Hyvénen
(Aalto University) and Samuli Siltanen (University of Helsinki) as
vice-directors. It aims to benefit the society through cutting-edge
research in applied mathematics, physics and computing. The FAME
flagship currently encompasses a network of 48 principal investig-
ators and over 350 researchers. Out of all FAME members, about
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Figure 1. Distribution of the nationalities of the DREAM doctoral
researchers.

a third are women and around 35% are foreigners. Members
include, for example, mathematicians, physicists, engineers, bio-
chemists, computer scientists, and medical doctors. In addition to
the academic partners, the FAME ecosystem consists of collaborat-
ors from different aspects of society, for example, companies from
fields such as healthcare, clean technology and process industry,
university hospitals, universities, research institutes, and the Finnish
education sector.

1.2 Launch of the DREAM pilot

Between August 2024 and January 2025, 100 new doctoral re-
searchers started their contracts in the DREAM pilot, located at
the seven partner universities of the FAME flagship. The aim of the
DREAM pilot is to develop new doctoral education practices in the
field of mathematics, physics, computing and imaging, and to en-
hance transfer of graduated doctors in these fields from universities
to companies.

Imaging and sensing challenges are encountered in various
applications in society and industry. For example, advanced cost-
efficient solutions in imaging, diagnostics, and therapeutics are
needed to enhance healthcare and ensure equal access to it. Non-
destructive testing methods are lacking in the materials and process
industry, where the ability to monitor and control targets without
causing interference is highly desirable for safety, energy efficiency,
and sustainability. Similar challenges are also encountered in en-
vironmental applications such as monitoring of biodiversity, ex-
ploring groundwater resources, and predicting effects of climate
change.

These and many other timely applications of imaging and sens-
ing present complex challenges, but also plenty of opportunities
for potentially high-impact solutions. The DREAM pilot educates
experts in a diverse and multidisciplinary setting, encompassing
applied mathematics, physics, engineering, and applied sciences.
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By bringing together experts on the fields of the FAME flagship,
DREAM provides a systematic form to train the next generation
of professionals to answer the RDI needs of Finland's top export
sector.

The DREAM pilot filled its doctoral researcher positions in 2024
with a fair and transparent recruitment process, with the com-
mitment to equal treatment for all applicants. Job offers were
formulated collaboratively following a standardised procedure and
national standards, and posted on national channels and inter-
national, globally accessible web-based platforms. Eventually, the
doctoral researcher base of DREAM grew to include 19 different
nationalities, see Figure 1 for the illustration of the distribution of
the nationalities of the DREAM doctoral researchers.

1.3 Joining forces for training future professionals

The Finnish inverse problems community has a long history on mu-
tual collaboration and shared activities. This originates already in
the 1990s when the first Finnish Inverse Days workshop was organ-
ised. This was followed by establishing the Finnish Inverse Problems
Society, and later consolidated by three consecutive projects in
the Research Council of Finland’s Centre of Excellence programme.
One important effort has been the joint activities in doctoral train-
ing that has included, for example, Finnish summer schools on
inverse problems. Both FAME and DREAM enable development of
these training activities even further, in addition to meeting the
requirements of the pilot programme for faster graduation and
employment of the doctors by companies.

To enable both MSc and PhD students a wider selection of
studies on a faster cycle, a cross-institutional study agreement was
formed between the DREAM partner universities. This agreement
is coordinated by the University of Jyvaskyla, and it was signed
by each partner in August 2025. The agreement now includes, in
addition to inverse problems courses, courses on topics including,
for example, applied mathematics, numerical methods and imaging.
At this moment, the agreement is being renewed to cover all Finnish
universities offering training in mathematics and a wider selection
of courses. In addition to joint training activities, DREAM and FAME
develop ways to make use of shared infrastructure and software,
and open data repositories. At this moment, a list of open data
and software can be found on the FAME website, together with
a description of infrastructure at different FAME sites.

Finland has a long history on organising summer schools on
inverse problems, and many current professors remember taking
part in such schools during their doctoral studies already in the
1990s. In the last two years, the FAME flagship has organised an
Inverse Problems Summer School as part of the Jyvdskyld Summer
School [3]. The Jyvaskyla Summer School has gathered students
from all over the world since 1991, to deepen their expertise on
Science, Technology, Engineering and Mathematics (STEM) sub-
jects and to expand their professional and academic networks in
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Has a supervisor, advisor or mentor outside university
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Figure 2. Percentage of the DREAM doctoral researchers who have an
appointed supervisor or mentor outside academia in 2025.

an international and interdisciplinary science community. Organ-
ised by the Faculty of Mathematics and Science and the Faculty of
Information Technology at the University of Jyvaskyla, the Jyvaskyla
Summer School is one of the largest and oldest summer schools in
Finland. The application period for the summer school starts typic-
ally in March. All courses of the Inverse Problems Summer School
are free of charge and taught in English by esteemed guest lectur-
ers from the international inverse problems community. In 2024,
Ronny Ramlau (Johann Radon Institut for Computational and Ap-
plied Mathematics (RICAM) and Johannes Kepler University, Austria)
gave a course on “Integral Equations and Compact Operators” and
Felix Lucka (Centrum Wiskunde & Informatica, the Netherlands)
on “X-ray Computed Tomography Inside Out: Physics, Mathem-
atics, Imaging and Applications.” Further, in 2025 Tatiana Bubba
(University of Ferrara, Italy) lectured on “Mathematics of X-ray Com-
puted Tomography” and Babak Maboudi Afkham (University of
Oulu, Finland) delivered the course “Introduction to Uncertainty
Quantification for Inverse Problems.” In 2025, participants of the
Inverse Problems Summer School gathered almost 70 course com-
pletions. In addition to intensive academic work, the Jyvaskyla
Summer School also offers an extensive programme of extracur-
ricular activities such as get-togethers, picnics, and cultural events.
In 2024, the FAME flagship contributed to the social programme by
hosting a summer evening cruise for the participants of the inverse
problems courses, and in 2025, FAME organised a game night at
a bowling alley.

To boost their academic activities, the DREAM doctoral re-
searchers are encouraged to participate in the annual Inverse Days
conference, a highlight event of the year for the Finnish inverse
problems research community. What started as a small workshop
in the 1990s has since evolved into a prominent scientific event.
For many doctoral researchers, Inverse Days has traditionally been
the conference where they give their first scientific presentations.
Organised in 2025 by the University of Helsinki on the week before
Christmas, the conference became the largest Inverse Days event
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to date, with over 200 registered participants. The programme
included, in addition to regular presentations, dedicated industry
and Al sessions, a women in inverse problems networking event,
and a gathering for young researchers.

To enable a smooth transition from academia to other parts
of society after the dissertation, the DREAM pilot aims that all
doctoral researchers have a supervisor, mentor, or collaborator
from a company or other stakeholder. Figure 2 shows the per-
centage of DREAM doctoral researchers who have a supervisor or
mentor appointed in the beginning of the pilot. The aim is to have
a mentor assigned for each doctoral researcher by the end of the
first year in the pilot. Furthermore, the DREAM doctoral research-
ers are also encouraged to undertake secondments during which
they would work at the stakeholder’s premises for 1-3 months.
Through FAME, DREAM has also built a strong partnership with
the business and labour market lobbying organisation Technology
Industries of Finland, which has assisted in facilitating opportun-
ities for doctoral researchers and company representatives to meet
and mingle.

1.4  First year’s follow-up

The maximum funding period provided by the Ministry of Education
and Culture for each individual doctoral researcher in the pilot is
three years. One of the purposes behind the pilot programme is
to develop practices that make sure a greater number of doctoral
researchers can complete their studies and thesis work in a faster
time frame. While the ministry does not restrict the time for indi-
vidual doctoral researchers to complete their degree, as they are
employed by universities, the dedicated three-year funding period
is meant to make it possible for doctoral researchers to focus solely
on their research and make for a swift graduation [4].

To make sure that everything is moving along and identify
any potential roadblocks, the DREAM pilot conducts an annual
progress reporting questionnaire to all its doctoral researchers. The
first such “temperature check” was conducted in September 2025.
In addition to reporting their completed studies and status of their
dissertation work, doctoral researchers were given an opportunity
to grade on a scale of 1-5 factors such as the level of received
supervision and usefulness of studies.

The desired accelerated time frame for graduation places signi-
ficant importance on the quality of supervision. The FAME-DREAM
ecosystem comprises a wide range of committed experts with
decades worth of supervision experience of doctoral researchers.
This dedicated and mentor-oriented pool of supervisors is one of
the DREAM pilot’s greatest assets, which was also reflected in the
questionnaire’s answers, see Figure 3.

In the case of doctoral researchers getting support outside uni-
versities, the DREAM is steadily on the right track, as also indicated
in Figure 2. Furthermore, despite being under shared special atten-
tion and yet divided across seven different universities, it has been
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| receive enough help and support from my supervisor/advisor team

1 = strongly disagree — 5 = strongly agree

80
60
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Figure 3. Doctoral researchers’ experiences on supervision.

| feel like | belong to a research community
(e.g., local, regional, international)
1 = strongly disagree — 5 = strongly agree
100
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Figure 4. Doctoral researchers’ experiences on belonging to a research
community.

reassuring to see that most of DREAM'’s doctoral researchers have

found a community for themselves, as demonstrated by Figure 4.

In DREAM and FAME, researchers work as members of close-knit
research groups, and we believe that these immediate contacts
serve everyday community building, peer support, and sense of
belonging also for the DREAM doctoral researchers.

Overall, the report in autumn 2025 provided valuable feedback,
useful insights, and a truly inspiring snapshot of where the DREAM
pilot is at this point of its mission. The next checkpoint is planned
to take place in autumn 2026.

2 Living the DREAM

The attention that the pilot programme has received in Finland
has also brought the doctoral researchers appointed into the pilot
into the public eye giving interviews, for example, in professional
magazines and university news articles. It is also our pleasure to
share career stories and experiences of two doctoral researchers
of the DREAM pilot.
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Figure 5. Doctoral researcher Aada Hakula, Aalto University, Finland.

Aada Hakula

Aada Hakula (Figure 5) works in the Inverse Problems Group at
the Department of Mathematics and Systems Analysis of Aalto
University. In her PhD, she studies model uncertainties in inverse
problems with Nuutti Hyvonen as a supervisor, in collaboration
with Antti Hannukainen, and Murata Electronics as an industrial
collaborator. She started working with the Inverse Problems Group
already as an undergraduate when she participated in a summer
project on optimal experimental design in X-ray imaging. A few
years later, an MSc thesis on model uncertainties in diffuse optical
tomography followed, and eventually led to a PhD work.

Hakula tells that she has always been interested in mathemat-
ics, and that also led her to choose to study it in the university. She
remembers mathematics being her favourite subject in school, and
says it often felt like the easiest one as well. In addition, her parents
are mathematicians, and she believes that for that reason her en-
thusiasm for mathematics was always understood and encouraged
at home.

Hakula's PhD work includes doing her own research, studying,
functioning as a course assistant, and attending different events,
such as conferences and summer schools. She tells that she es-
pecially enjoys this variety of different assignments. Among the
DREAM activities, she has participated, for example, in the In-
verse Days and Inverse Problems Summer School, and feels that
both of these events were great for networking and learning. She
also enjoyed the possibility to meet other PhD students from Fin-
land and around the world. In addition, she attended an Industry
Connect and Matchmaking event where the DREAM doctoral re-
searchers had the opportunity to meet representative companies
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collaborating with the doctoral education pilot. Hakula also men-
tions being especially happy of her colleagues with whom she can
share thoughts about PhD work over lunch or coffee, as well as
free time activities, for example, climbing. In addition, she talks
highly of her supervisor, describing him as incredibly supportive
and helpful throughout her studies.

Hakula tells that one of the challenges during the PhD has
been to accept that research can be unpredictable. She is now
finalising her first article, and tells that when she started the PhD
work she expected a more straightforward process of conducting
the work and publishing the article quickly. Regardless, she feels
that the process has taught her a lot, and she is now prepared for
the remaining part of her studies. This also includes a collaboration
with the Murata Electronics company. According to Hakula, the
acquaintance with real-life inverse problems that companies are
encountering has been very interesting. Overall, she is grateful for
the chance to do a PhD in Finland, and for the financial security
that the pilot offers for three years. She is eager to see where the
PhD studies will take her next.

Fatemeh Maleki Almani

Fatemeh Maleki Almani (Figure 6) is a doctoral researcher in the
Computational Physics and Inverse Problems Group at the Depart-
ment of Technical Physics of the University of Eastern Finland. The
topic of her doctoral dissertation is “Computational Modelling,
Optimization and Control in Industrial Processes,” with Jari Kaipio
and Marko Vauhkonen as supervisors and Arto Voutilainen and

Figure 6. Doctoral researcher Fatemeh Maleki Almani, University of
Eastern Finland, Finland.
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Marzieh Hosseini from the Rocsole company as industry mentors.
She tells that she chose to pursue PhD studies at the University
of Eastern Finland because of the strong reputation of its inverse
problems group, and when she was searching for a PhD position,
she was especially impressed by the profile and publications of the
professor who later became her supervisor. The combination of
academic strength, solid research infrastructure, and meaningful
industrial partnership made this university the most compelling
choice for her doctoral training.

Maleki Almani tells that originally her interest in computa-
tion began when, while participating mathematical olympiads
and a mathematical competition in 2016, she discovered her abil-
ity to solve challenging analytical problems. During her master’s
studies, she worked on different research projects and collabor-
ated with different groups, which exposed her to the practical
relevance of mathematical modelling and strengthened her mo-
tivation for scientific research. She feels that the topic of her PhD
project, which combines mathematical analysis, computational
methods, and real-world applications, is a natural continuation on
her academic path.

Maleki Almani’s PhD project includes an active collaboration
with Rocsole, a Finnish company specialising in smart process
imaging, electrical tomography, and real-time data analytics for
industrial environments. This collaboration has provided direct
exposure to industrial applications, strengthened the practical rel-
evance of her research, and connected her academic development
to a broader international industrial system.

Maleki Almani feels that one of the most valuable aspects of
pursuing a PhD in Finland is the respectful, friendly, yet highly pro-
fessional academic culture. This environment maintains a healthy
balance between work and personal life, while employment-based
contracts allow doctoral researchers to focus more deeply and
sustainably on their research. She feels that her doctoral studies
have provided a highly enriching and supportive research exper-
ience, and that the university offers a friendly and intellectually
stimulating environment, complemented by supervisors who are
consistently supportive, engaged, and committed to advancing the
project. She feels that the structured nature of doctoral studies in
Finland, with its emphasis on clarity, well-defined expectations and
organised progression, as well as high-quality training courses, has
been particularly valuable. Moreover, the doctoral education pilot
has not only ensured financial stability but has also opened access
to opportunities that would not typically be available, such as sum-
mer schools, webinars, transferable-skills training, cross-university
workshops, and both national and international networking events.
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Thematic Working Group on Mathematics for Work, Society and Personal

Development: Lifelong Learning, TWG7

ERME column regularly presented by Andreas Stylianides and Florian Schacht

In this issue presented by the group leaders Michele Giuliano Fiorentino, Peter Frejd, Pauline Vos, Javier Diez-Palomar, Oda Heidi Bolstad

and Rosa Alberto

CERME Thematic Working Groups

We continue the initiative of introducing the CERME Thematic Work-
ing Groups, which we began in the September 2017 issue, focusing
on ways in which European research in the field of mathematics
education may be interesting or relevant for people working in
pure and applied mathematics. Our aim is to disseminate devel-
opments in mathematics education research discussed at CERMEs
and enrich the ERME community with new participants, who may
benefit from hearing about research methods and findings and
contribute to future CERMEs.

Introducing CERME's Thematic Working Group 7 — Mathematics
for Work, Society and Personal Development: Lifelong Learning

The Thematic Working Group 7 (TWG7) investigates how mathem-
atics is encountered, learned, and used across the entire life course,
in evening schools, in workplaces, communities, homes, and in-
formal environments, and how these encounters shape people’s
participation in social, economic, and cultural life.

Mathematics takes different forms across communities [9]. For
instance, within the international community of research math-
ematicians, mathematics is both the object of research, the tool,
and the result of it, whereas in medical research, mathematics
serves as a methodological tool for improving health care. In com-
pulsory schools, mathematics is experienced by many students as
a list of ready-made rules, as rather alienating and feared, and as
a threshold to further studies [1, 6]. Likewise, in daily life and in
vocational workplaces, mathematics is a tool for finding practical
solutions and for adequately participating in society.

Because of the different goals, rules, language, tools, and
people in these environments, the mathematics differs across en-
vironments. In university mathematics research, there is rigour and
more esoteric content. By contrast, within vocational practices,
numbers and variables always have concrete meaning (measured
in meters, hours, euros, etc.). Also, there is responsibility associated
to the mathematical answers, for instance, a nurse’s calculation
errors can be a matter of life and death, whereas an incorrect proof
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of inapplicable mathematics will be sad, but not a matter of life and
death. Within daily life, mathematics is embedded in routines and
is so deeply internalised that it is hidden or perceived as intuitive.

The establishment of TWG7 arose from a shared social mo-
tivation: to make mathematics socially useful and accessible to
everyone beyond compulsory education, especially in fragile con-
texts with vulnerable groups. Across Europe and globally, deep
inequalities persist in who benefits from mathematical knowledge
and how it is valued [2, 3]. The group’s focus reflects the convic-
tion that mathematics education can play a transformative role in
empowering individuals, supporting employability, and enabling
informed citizenship.

This perspective resonates with wider educational movements
for lifelong learning and social justice [4, 8]. It positions mathem-
atics not as a gatekeeper of privilege but as a shared resource for
personal and societal development. Consequently, TWG7 engages
with research exploring mathematics in adult education, everyday
life, at work, and in community settings, where learning and using
mathematics can become an instrument for participation, dignity,
and well-being. For example, a citizen needs to understand graphs
and percentages to critically assess government spending proposals
for community needs. Although this may look like ‘simple” mathem-
atics to research mathematicians, approximately one in four citizens
worldwide struggles with this, which makes them susceptible to
manipulation and can hinder meaningful participation in public
debates about local budgets, health policies, or transportation plan-
ning [7]. Dignity can be upheld when marginalised individuals gain
mathematical skills that open access to better employment oppor-
tunities or empower them to navigate bureaucratic systems and
assert their rights. Well-being is supported when learners experi-
ence increased confidence and autonomy through understanding
and applying mathematics in their daily lives, such as managing
healthcare information or navigating digital technologies.

Conceptualising the domain

TWG7's research is grounded in the idea that mathematical prac-
tices are deeply intertwined with human experience and that access
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to them is socially distributed. Across diverse contexts, people face
mathematical challenges that can lead to empowerment or exclu-
sion. The group explores how the use of mathematics emerges in
everyday situations, such as professional problem-solving, house-
hold budgeting, health decisions, and leisure activities, and how
individuals make sense of these experiences. The notion of vul-
nerability is central, highlighting how precarious life conditions
and limited learning opportunities affect engagement with math-
ematics, as well as how creativity and resilience emerge in such
contexts.

Topics in the domain of TWG?7 are researched through a variety
of theoretical and methodological approaches, including critical
mathematics education, socio-cultural theory, design-based and
action research, all of which reveal mathematics as a lifelong and
life-wide human practice.

The work of TWG7 revolves around three main themes, closely
connected through the idea of lifelong engagement with mathem-
atics.

1. Adults learning mathematics
This theme examines how adults return to mathematics education
in formal and informal settings such as evening schools, community
programs, or correctional institutions. Adult learners often bring
diverse experiences, motivations, and emotions, including anxiety
or prior failure, as well as curiosity, agency, and unexpected ways
to use mathematics based on their informal experiences.
Research in this area highlights the importance of creating
learning environments that are flexible, inclusive, and responsive
to adult learners’ personal circumstances. Studies also show that
adult mathematics education contributes not only to individual em-
powerment but also to social well-being, intergenerational learning,
and family support.

2. Mathematical literacy and numeracy

Mathematical literacy and numeracy are the mathematical cap-
abilities essential for citizens navigating contemporary societies
shaped by data, digital technologies, and quantitative information.
Research presented in TWG7 emphasised how these competences
influence people’s employment opportunities, health-related de-
cisions, and their ability to participate in civic life.

Studies in TWG7 explored conceptual frameworks for mathem-
atical literacy, numeracy, large-scale assessments of adult numeracy,
and ways to integrate numeracy into professional education. A re-
curring concern is that numeracy is often perceived only as basic
arithmetic, rather than as reasoning and problem-solving situated
in real-life contexts, as described in the research literature (see
for example [5]). Our research reveals widening numeracy gaps
(e.g., between countries, between men and women, etc.) and
we observe political tensions when calls for improving numeracy
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is motivated by economic productivity rather than the learners’
personal and social needs. This also points to the complex and
sometimes conflicting interests of policymakers, balancing eco-
nomic productivity with broader aims of social participation and
civic inclusion.

3. Vocational and workplace mathematics

Research in vocational and workplace mathematics examines how
mathematics operates within professional practices and is taught
in vocational education. Across countries, vocational curricula vary
widely in content and emphasis, from academically oriented to
practice-based or hybrid models.

Findings indicate that learners engage more meaningfully with
mathematics when they recognise its relevance to their vocational
identities and future work. Collaborative teaching between math-
ematics and vocational educators, as well as the use of authentic
artefacts and workplace scenarios, has been shown to enhance
motivation and perceived usefulness.

Cross-cutting perspectives and future directions

A defining feature of TWG7 is the interconnection between its
themes. Research on numeracy often overlaps with studies on vo-
cational learning or adult education, showing that mathematical
literacy, workplace mathematics, and lifelong learning are not sep-
arate fields but parts of a continuous spectrum of mathematical
activity. This interconnectedness encourages not only advance-
ment of practice but also theoretical innovation. Within TWG7,
new concepts have been developed to describe how mathematics
circulates between experts, workers, and citizens, how authen-
ticity is negotiated in learning tasks, and how artefacts mediate
between vocational and mathematical domains. Such conceptual
work demonstrates the group’s contribution to advancing both
theory and practice in mathematics education.

Methodologically, TWG7 features remarkable diversity. Large-
scale quantitative surveys, qualitative case studies, design exper-
iments, and theoretical analyses coexist and complement one
another. This variety reflects the richness of the research field and
its openness to interdisciplinary dialogue.

Looking ahead, TWG7 recognises several directions for future
work:

« developing research-based approaches to teaching mathemat-
ics for adults and lifelong learners;

« integrating numeracy and critical mathematics education into
vocational and professional contexts;

- strengthening collaboration between mathematics educators,
industry professionals, and policymakers;

» and deepening theoretical models that link personal develop-
ment, social participation, and work through mathematics.
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Concluding Remarks

Mathematics accompanies people throughout life as a tool for
understanding the world, making decisions, and building identities.
The research within TWG7 explores how mathematics education
can respond to this lifelong presence by addressing issues of equity,
relevance, and meaning.

By connecting mathematics with work, society, and personal
development, TWG7 contributes to a broader understanding of
what it means to learn, use, and live with mathematics in the 21st
century.
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Book reviews

Families of Varieties of General Type by Janos Kollar
Reviewed by Stefano Filipazzi
Janos Kollar's Families of Varieties of

General Type, written with the collab-
oration of Klaus Altmann and Sandor

231 . . .
J. Kovacs, is a monumental contribu-
FAMILIES OF . .
VARIETIES OF tion to modern algebraic geometry. It
GENERAL TYPE

completes a decades-long endeavor
to generalize the moduli theory of al-
gebraic curves to higher-dimensional
varieties. The book concludes and
brings to fruition a complete moduli
theory for varieties of general type,
a 30-year work by many mathemati-
cians, where Kollar's vision and contribution stand out. The
importance of this monograph has been recognized by the Janos
Bolyai International Mathematics Award, a prestigious prize given
every five years by the Hungarian Academy of Sciences.

The work takes the moduli theory of hyperbolic (marked) curves
as a starting point and guides the reader through the theory needed
to generalize it to their higher-dimensional counterparts, namely,
stable varieties and stable pairs. Throughout the text, the main
focus is the notion of a family of varieties or pairs, consistently with
the modern emphasis on functorial and stack-theoretic approaches
to moduli. There are many subtleties in generalizing this notion from
curves to higher-dimensional varieties. Step by step, the author
addresses the natural difficulties that arise in the process and thus
motivates the many new notions and constructions needed to
develop the moduli theory for higher-dimensional varieties.

In the case of smooth and projective algebraic curves of genus
g = 2, Deligne and Mumford developed a complete and satisfactory
moduli theory: To construct a compact moduli space for curves of
a fixed genus g = 2, it suffices to consider families of nodal curves
of (arithmetic) genus g. Furthermore, families of nodal curves over
a base scheme S are simple to describe: They are flat morphisms
C — S such that every geometric fiber is a nodal curve. Then, this

JANOS KOLLAR
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description can be readily extended to curves of genus g with n
marked points.

Already in dimension 2, if we consider smooth projective sur-
faces with ample canonical line bundle, it is not immediately clear
what singular spaces should be allowed to compactify this moduli
problem, nor what notion of family shall be used. The first question
has been settled for some time and leads to the theory of stable
varieties and stable pairs, which is thoroughly discussed in an earlier
book by Kollar, Singularities of the Minimal Model Program. Yet, an
answer to the first question only clarifies what geometric objects
shall be parametrized, but not how. This book provides the answer
to this latter question, thus completing the quest for a moduli
theory generalizing the one of curves to higher dimensions.

In 1988, Kollar and Shepherd-Barron observed that the notion
of family utilized for curves is not well-behaved already in the case
of surfaces: relevant discrete invariants are indeed allowed to jump
in a flat family. The core of the book (Chapters 2—7) discusses how
the notion of flatness should be refined to obtain a well-behaved
theory of families of stable varieties or pairs.

The first step is to understand what a family of stable varieties
(or pairs) over a smooth curve is. In this case, since the base variety
is smooth and 1-dimensional, the correct notion can be fully char-
acterized with the language of pairs. Then, as we generalize this
notion to arbitrary bases, more subtleties arise. To define a family
of stable varieties m: X — S over a reduced scheme S, it suffices to
ask that r is flat and the relative canonical divisor Kx,s is Q-Cartier.
Then, if S is not reduced, it is necessary to analyze all the sheaves
w)[{}}] and ask that they are flat and with S, fibers for every m € Z.
This suffices to define the notion of family of stable varieties; for
the case of pairs, the situation is even more intricate. Indeed, if we
consider a candidate family of pairs . (X,D) — S, explicit exam-
ples show that we cannot expect the support of D to be flat over S.
Therefore, a refined understanding of the possible alternatives to
flatness is needed; this quest then leads Kollar to introduce the
notions of C-flatness (inspired by Cayley hypersurfaces), well suited
for families over reduced bases, and K-flatness, which generalizes
the notion of C-flatness and provides the final notion needed to
complete the theory.
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Once the notion of family of stable varieties and pairs is fully
understood, we are ready to harvest the desired results: The book
culminates with the proof that the Kollar-Shepherd-Barron—Alexeev
(KSBA) stability condition for pairs leads to a well-behaved moduli
theory in characteristic 0, inclusive of a projective coarse moduli
space.

The book is structured into eleven chapters, each progressively
building toward the main results. A summary of the key sections
includes:

+ Chapter 1: Provides historical background on moduli theory,
tracing developments from Riemann and Cayley to Deligne
and Mumford. It outlines the transition from curves to higher-
dimensional varieties and highlights the main challenges therein.

» Chapter 2: Develops the theory of 1-parameter families of
(locally) stable varieties and pairs, including detailed definitions
of local stability and the introduction of slc singularities.

+ Chapter 3: Treats the notion of a family of (locally) stable va-
rieties over an arbitrary base. Approaches with the theory of
Chow varieties (Cayley—Chow families) and Hilbert schemes
(Hilbert-Grothendieck families) are compared.

« Chapter 4: Establishes the core theory of stable pairs over
reduced base schemes. The notions of Mumford divisor and
C-flatness are introduced here as a crucial geometric condition
for managing families of divisors.

« Chapter 5: Provides numerical criteria for flatness and stability,
most notably Theorem 5.1, which relates the constancy of the
volume of the canonical divisor to the stability of families.

« Chapter 6: Explores moduli problems where the divisorial part
is flat and compares several notions of stability, including those
due to Viehweg and Alexeev.

« Chapter 7: Introduces K-flatness and its formal properties,
which strengthen the framework for working with families
of divisors independently of projective embeddings. This chap-
ter provides the final notion of family of (locally) stable pairs
over an arbitrary base.

+ Chapter 8: Synthesizes previous developments and the work
of Chapters 2—7 into a general moduli theory for stable pairs,
culminating in Theorem 8.1—the main result establishing that
Kollar-Shepherd-Barron—Alexeev stability yields a good moduli
theory with coarse projective moduli spaces.

» Chapters 9-11: Contain auxiliary material such as hulls and
husks, miscellaneous ancillary results, and a handbook about
the Minimal Model Program.

To sum up, Families of Varieties of General Type is a landmark
work that settles a central question in algebraic geometry. The clear
and precise style will certainly make this book the main reference
on moduli of algebraic varieties, both for learners and experienced
researchers.

The exposition follows Kollar's characteristic and enjoyable
writing style: Abstract constructions or definitions go hand in hand
with explicit and concrete examples that provide motivation and
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support for the reader. Another strength of the book is its historical
account of moduli theory in algebraic geometry, which allows
the reader to appreciate how the theory grew over the past two
centuries and provides the more curious with many references to
previous works.

This book’s contribution to algebraic geometry is both founda-
tional and forward-looking. This is reflected by the multiple uses
and audiences the book is suited for. On the one hand, its exhaus-
tive content will make it an indispensable resource for researchers
in moduli theory and birational geometry. On the other hand, grad-
uate students and researchers interested in learning more about
this field will find a reference rich in examples and motivations that
will invite the reader to dive into moduli theory.

Janos Kollar, Families of Varieties of General Type. Cambridge Tracts in
Mathematics 231, Cambridge University Press, 2023, xviii+472 pages,
Hardback ISBN 978-1-009-34610-8, eBook ISBN 978-1-009-34611-5.
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Utah under the supervision of Christopher D. Hacon and spent time at
UCLA (2019-2021) and EPFL (2021-2025).

stefano.filipazzi@duke.edu

DOI 10.4171/MAG/279

Statistical mechanics of mean-field disordered systems:
A Hamilton-Jacobi approach by Tomas Dominguez and
Jean-Christophe Mourrat

Reviewed by Roland Bauerschmidt

The book provides a beautifully writ-
ten introduction to the topic of
mean-field spin glasses from the
point of view of infinite-dimensional
Hamilton—Jacobi equations — a per-
spective that has been extensively
developed by Mourrat and collab-
orators in the last years. The proto-
typical example of a mean-field spin
glass is the Sherrington—Kirkpatrick
model, whose free energy is defined
as the limit

Tomas Dominguez
Jean-Christophe Mourrat
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where the gj; are independent standard Gaussian random variables.
In physics terminology, the g;; are an example of quenched disorder
of a spin system with configurations o € {+1}" having probability
weight proportional to

6 N
exp(\/ﬁ f,jZ:'1 g,p,o,).

The term mean-field refers to the aspect that all pairs of sites /,j €
{1, ..., N} play an equivalent role (as opposed to a lattice system,
for instance, in which the interaction depends on the distance of
the sites). As prototypical examples of disordered systems, mean-
field spin glasses have become a very active research area within
probability theory, with motivation and connections from statistical
physics to computer science and statistical inference. Some of this
motivation is explained in the book without assuming any prior
knowledge.

The non-rigorous but ingenious computation of the free energy
by Parisi (using what is known as the “replica method”) was a major
achievement in theoretical physics that opened the way to the
understanding of a broad class of disordered systems. The result is
given by a somewhat mysterious variational formula that is now
known as the Parisi formula:

—f(8) —log2 = |rgf((D<-(0,0) -8 L t(t) dt),

where the infimum is over probability distribution functions { on
[0, 1] and @¢ is the solution on [0, 1] X R of a certain PDE, namely

—9;P¢(t, x) = 8%(37D(t, x) + {(1) (3 Pe(t, ¥))?),

with terminal condition ®¢(1, x) = log cosh(x). The Parisi formula
was eventually proved by Guerra and Talagrand, using an approach
different from the replica method of Parisi.

The book by Dominguez and Mourrat systematically devel-
ops another perspective on the free energy of the Sherrington—
Kirkpatrick model (and more general spin glasses), which is that it
also turns out to be given in terms of the solution of an infinite-
dimensional Hamilton—Jacobi equation. Indeed, up to a trivial
constant, the free energy f(8) with 8 = /2t turns out to be given
by f(t, 0) where f solves

t
3(t.q) = | difit.q.u)du,
and g takes values in the space of square integrable increasing paths

from [0, 1) to R . As a Hamilton—Jacobi equation, the (viscosity)
solution of this equation is given by the Hopf-Lax formula:

_ N I LSRR
ft.q) —srt;,p<f(0,q+q) o L (g’ (W) du).

One of the main results presented in the book under review is that
this variational formula is in fact equivalent to the Parisi formula.
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The Hamilton—Jacobi formulation provides a conceptually natural
(perhaps less mysterious) perspective on the free energy.

The main motivation for the Hamilton—Jacobi approach to spin
glasses is to understand more general models for which the ana-
logue of the Parisi formula is not yet understood. This includes
the situation where the quadratic nonlinearity in the Hamilton—
Jacobi equation for the Sherrington—Kirkpartrik model is replaced
by a nonconvex function. The book concludes with an outlook
on this topic of current research by discussing the example of
a bipartitive version of the Sherrington—Kirkpatrick model.

The results in the book are presented with a lot of intuition
and background along the way. In addition to the motivation of
mean-field spin glasses, both from the point of view of statistical
physics and from that of statistical inference, the book by Domin-
guez and Mourrat includes concise, yet essentially self-contained
introductions to the necessary mathematical background topics.
This includes chapters on convex analysis, the required background
on Hamilton—Jacobi equations including the theory of viscosity
solutions, and an introduction to Poisson point processes. These
concepts are illustrated in examples relevant for the problem of
mean-field spin glasses at hand and complemented with a number
of exercises.

The book would be an excellent reference for an advanced
topics course or a student seminar, by providing an introduction
to the active research area of spin glasses in probability as well as
introductions to various topics of general mathematical relevance.
The book is a real pleasure to read and therefore also an excellent
reference for anyone who would like to learn more about this
fascinating subject.

Tomas Dominguez and Jean-Christophe Mourrat, Statistical mechanics of
mean-field disordered systems: A Hamilton-Jacobi approach. Zurich
Lectures in Advanced Mathematics, EMS Press, 2024, vi+361 pages,
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An Invitation to Fractal Geometry: Fractal Dimensions,
Self-Similarity, and Fractal Curves by Michel L. Lapidus and
Goran Radunovi¢

Reviewed by Lars Olsen

This is a nice and well-written text-
book on fractal geometry at the
advanced undergraduate level. In
order to study fractal geometry,
some knowledge of measure the-
ory is inevitably needed, and every
author of a textbook on fractal geo-
metry at the undergraduate level
must decide how many technical
details in measure theory he/she be-
lieves are needed and should be
included. To answer this question,
one is reminded of Tolstoy’s short story “How much land does
a man need?” in which the protagonist, in the final paragraph,
learns that the answer to the eponymous question is: “Enough to
get buried in.” Similarly, many students have the impression that
the answer to the question “How much measure theory do you
need to study fractal geometry?” is also: “Enough to get buried
in.” It is the duty of any author of a textbook on fractal geometry
aimed at undergraduate students to carefully make sure that the
students are not buried in measure theoretical details before start-
ing the study of fractal geometry. Some authors achieve this by
avoiding a technical discussion of measure theory, see, for example
[2, 5, 6, 11], whereas others include carefully and appropriately
designed chapters discussing the technical foundations of measure
theory, see, for example, [1,3, 10, 12]. The present book belongs to
the latter category and includes a thorough discussion of measure
theory.

The book consists of four parts.

Part 1 (“Preliminary Material”) consists of Chapters 1-3.
Chapter 1 contains an interesting introduction to fractal geometry
with many examples illustrating a wide variety of fractals. Chapter 2
and Chapter 3 contain technical material covering basic theory
of metric space (20 pages) and measure theory including con-
struction of measures using Carathéodory’s approach (40 pages),
respectively.

Part 2 (“Dimension Theory”) is the core and central part of
the book and consists of Chapters 4-8. Chapter 4 provides a thor-
ough introduction to Iterated Function Systems, including symbolic
dynamics. Chapters 5—7 provide an introduction to Hausdorff meas-
ures with respect to arbitrary gauge functions, including a detailed
discussion of the §-approximative Hausdorff measures with re-
spect to different covering systems. Chapter 8 gives a thorough
discussion of the Minkowski dimension and the box dimensions
in addition to a detailed discussion of the Hausdorff dimension,
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the packing dimension and the box dimensions of self-similar sets
satisfying the open set condition.

Part 3 (“Fractal Curves and Their Complex Dimensions”) con-
sists of one long chapter (120 pages), namely, Chapter 9. This
chapter provides an introduction to the theory of zeta functions
and complex dimensions. While the material covered in Part 2 is
standard and can be found in almost all undergraduate textbooks
on fractal geometry, the material in Part 3 is less standard and
was developed by Lapidus and various collaborators during the
past 30 years, cf. [8,9] and the references therein. This is the first
time this material is presented in a textbook for undergraduate
students and this makes the present textbook unique amongst
other undergraduate textbooks on fractal geometry. Because of
this, it seems appropriate to explain the material in Part 3 in slightly
more detail. Loosely speaking, the work presented in Part 3 says
that the Minkowski dimension of a fractal string can be written
as a series involving the poles of the zeta function of the fractal
string. More precisely, for a bounded Borel set subset A of R™, the
distance zeta function (4 of A is defined by

(a(s) = | dist(x, A ™dx
As

for the complex variable s € C, where § > 0 and As is the 6-
neighbourhood of A (the choice of § is, in a precise technical
sense explained in the book, unimportant), and the complex di-
mensions of A are by definition the poles of the meromorphic
extension of (4. The authors are particularly interested in the fol-
lowing special case. Namely, fix an open bounded subset Q of
the real line R and let A = 9Q be the boundary of Q; the set 0Q
is called a fractal string. A fractal string is typically a fractal set
and fractal geometers are interested in studying the Minkowski
dimension and the Minkowski content of 9Q. Lapidus’ key thesis
is that the complex dimensions of 0Q provides an “explicit” for-
mula for those quantities. More precisely, for € > 0, let V(¢) =
vol{x € R | dist(x, 9Q) < &} denote the (1-dimensional) volume of
the e-neighbourhood of 9Q. The Minkowski dimension, D, of 9Q
is defined by D = 1 — liminfewo 222€ and the lower and upper

loge

Minkowski contents of 0Q are defined by

M. = liminfe " ""PV(e), M* = limsupe "~ Dv(e).
ENO £NO
One of the key results in Part 3 says that (under suitable conditions
on the string Q) we have the following explicit formula for V(¢):
(25)1 —w
V(e) = —T=——— +R(e), 1
(&) %cww“_w) (e) (1)
where the sum is over all the complex dimensions w of 3Q, the
number ¢, is essentially the residue of (30 at the pole w, and R(¢) is
an error term of lower order. It follows from (1) thate = P y(g) =
g(e) + e~ "PR(¢), where g(e) is a function defined explicitly in
terms of the complex dimensions and whose oscillatory behaviour
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determines the values of the Minkowski contents M. and M*
of 9Q.

Part 4 (“Appendices”) consists of two short appendices, A and B.
Appendix A explain lower and upper limits, and Appendix B
provides a more detailed and technical discussion of Carathéodory’s
extension theorems.

The presentation is clear. Useful motivations and examples are
presented before important definitions and details of all proofs are
given. Avery large number of further interesting historical notes and
references are spread out through the text. Each section ends with
a fairly large collection of useful exercises. Most of the exercises
are not of a computational nature, but require that the reader
provides proofs of various mathematical statements. Finally, the
book contains a very long (633 entries) and useful list of references
including many recent entries (i.e., after 2000).

There are numerous other textbooks in fractal geometry at
the undergraduate level, including, [1-7, 10-12]. The book under
review is more advanced than Falconer’s 1990 texts [5, 6] and the
texts by Y. Pesin & V. Climenhaga [11] and Zahle [12] but less am-
bitious than Mattila’s graduate textbook [10]. Whereas Falconer’s
popular textbooks [5, 6] avoids technical measure theoretical de-
tails and presents a large number of examples of fractal sets taken
from many parts of mathematics, the book under review provides
the reader with the proper measure theoretical foundations for
the subject (but at a level that is more accessible to the beginning
graduate student than the treatment found in Mattila’s text [10])
and concentrates on a more limited number of topics. The book is
suited for an advanced undergraduate course in fractal geometry
stressing the measure theoretical foundations of the subject. If
supplemented with [5], the students will learn the rigorous meas-
ure theoretical foundations for the subject and also encounter
numerous interesting examples.

Michel L. Lapidus and Goran Radunovi¢, An Invitation to Fractal
Geometry: Fractal Dimensions, Self-Similarity, and Fractal Curves.
Graduate Studies in Mathematics 247, American Mathematical Society,
2024, xxvii+600 pages, Hardcover ISBN 978-1-4704-7623-6,

Softcover ISBN 978-1-4704-7895-7, eBook ISBN 978-1-4704-7896-4.
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Letter concerning a review of the Handbook of the History and Philosophy of

Mathematical Practice

Stelios Negrepontis, Athanase Papadopoulos and Bharath Sriraman

This concerns a review of the Handbook of the History and Philos-
ophy of Mathematical Practice edited by Bharath Sriraman which
appeared in the EMS Magazine, Issue 135 (2025). In a lengthy
introduction, the reviewer explains what he considers to be the
history and philosophy of mathematics, a viewpoint we do not
share. Concerning the present Handbook, we believe that he over-
looks the essential point, which is the word “practice” in the title.
In the following paragraphs, we would like to address only the
reviewer's explicit criticisms, of which there are two; the other
criticisms are vague or unsupported by anything specific and will
not be addressed in this letter.

The first criticism concerns articles on Plato’s philosophy, which
occupy (according to the reviewer) 170 pages of the four volumes
of the Handbook - a length that the reviewer finds excessive. But
more importantly, he considers the articles not in the spirit of the
Handbook.

The articles on Plato are written by Stelios Negrepontis, one
of the signatories of the present response. These chapters appear
either not to have received detailed attention from the reviewer,
or their meaning and scope may not have been fully understood,
much less the relevance of Plato’s writings to mathematical practice.
This is what we would like to address first, in simple terms.

The aim of these chapters is to show, through examples, that
mathematics, and in particular the notion of periodic anthyphaire-
sis, underlies Plato’s entire philosophy. For this purpose, different
themes and writings of Plato are analyzed. We do not seek to
repeat what is written in these articles, but the importance of Plato
in Western philosophy, especially in the philosophy of mathematics,
and also in the history of mathematics, may not be fully clear to
the reviewer and this compels us to reiterate certain points that
should be widely known but are not. To this end, we quote some
authors who have written on the subject and who know what they
are talking about.

Aristoxenus of Tarentum, who was a student of Aristotle, writes
in his opus magnum, Appovika otolxela, referring to Aristotle,
that Plato’s teaching was essentially mathematical: “Such was the
condition, as Aristotle used often to relate, of most of the audience
that attended Plato’s lectures on the Good. They came, he used
to say, every one of them, in the conviction that they would get
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from the lectures some one or other of the things that the world
calls good; riches or health, or strength, in fine, some extraordinary
gift of fortune. But when they found that Plato’s reasonings [logoi]
were of sciences [mathemata/mathematics] and numbers, and ge-
ometry, and astronomy, and of good and unity as predicates of the
finite, [...].” The fact that Plato was a mathematician is also con-
firmed by Proclus, the major philosopher of late antiquity, whose
opinion is generally considered to be reliable. Proclus includes the
name of Plato in the list of mathematicians he gives in Part Il of the
Prologue of his Commentary on the First Book of Euclid’s Elements,
an information generally considered to be due to Eudemus, another
student of Aristotle. Proclus writes: “[...] Plato, who appeared after
them, greatly advanced mathematics in general and geometry in
particular because of his zeal for these studies. It is well known that
his writings are thickly sprinkled with mathematical ratios [mathe-
matikois logois] and that he everywhere tries to arouse admiration
for mathematics among students of philosophy.” In addition to
those testimonials from antiquity, we come to the modern period,
namely to Bertrand Russell, who writes in his History of Western Phi-
losophy: "It is noteworthy that modern Platonists, almost without
exception, are ignorant of mathematics, in spite of the immense
importance that Plato attached to arithmetic and geometry, and
the immense influence that they had on his philosophy.” Finally, we
quote Bourbaki, from the Eléments d’histoire des mathématiques:
“It has been said that Plato was almost obsessed with mathemat-
ics; without being an inventor in this field himself, he became,
from a certain point in his life, acquainted with the discoveries of
contemporary mathematicians (many of whom were his friends
or students), and never ceased to take a direct interest in them,
even going so far as to suggest new directions for research; thus,
in his writing, mathematics constantly serves as an illustration or
a model (and sometimes even nurtures, as with the Pythagoreans,
his inclination for mysticism).”

In fact, reading the chapters by Negrepontis in this Handbook
conveys the full breadth and depth of the work of Plato, as opposed
to simplistically dismissing it because of a lack of awareness of its
mathematical significance. The concept of “anthyphairesis” relates
all of Plato’s philosophy to mathematical reasoning and the method
of recollection and is at the heart of the Platonic idea that learning
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is a process of recollection of the perfect forms. But the reviewer,
who is an early-stage researcher in the history of mathematics,
instead of delving deeper into what the chapters of this Handbook
say about Plato, considers that the subject has nothing to do with
the “philosophy of mathematical practice.”

Incidentally, the total number of pages of the articles written
by Negrepontis on Plato and included in this Handbook is 270 and
not 170, so the reviewer, while skimming the four volumes of the
Handbook, has probably missed some of them, and in any case, it
seems like he did not go through the full table of contents in detail.

The second explicit criticism that seems inappropriate to us is
the following.

The reviewer wonders why there is an article about Yuri Manin,
written by the second signatory of the present text; he declares that
the article “seems rather out of place.” If he had examined the list of
editors of the Handbook, the reviewer would have understood why.
Indeed, Manin is one of the editors. And since he passed away while
the Handbook was still in production, the editor-in-chief asked the
author to write an article about him. But it must also be said that,
quite apart from this, Manin is one of the quintessential working
mathematician-philosophers, and it was also for this reason that
an article about him, emphasizing his philosophical side, which
is less well known to the mathematical community, was not only
appropriate, but a duty we set for ourselves. In this regard, it should
be noted that among the editors of the Handbook, apart from Yuri
Manin (1937-2023), two other editors passed away before the
end of the project, which obviously took several years; these were
Reuben Hersh (1927-2020) and Chandler Davis (1926—-2022), for
whom philosophy, mathematics, and the philosophy and history
of mathematics were a matter of everyday practice.
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The articles that are explicitly criticized by the reviewer are
written by mathematicians, who also work on the history of math-
ematics, but from the point of view of a mathematician plainly
engaged in mathematical research. This brings us again to the word
“practice” in the title of the Handbook, and this is probably the
source of misunderstanding with the reviewer, who is a historian
of mathematics with no professed practice in mathematics. We
align ourselves with the perspective expressed by André Weil in his
famous 1978 letter to the Editor of the Archive for History of Exact
Sciences titled Who Betrayed Euclid?, in which he observed that
when a discipline emerges at the intersection of two established
fields, misunderstandings may arise from a lack of familiarity with
one or both areas. Explicitly, André Weil writes: “When a discipline,
intermediary in some sense between two already existing ones (say
A and B) becomes newly established, this often makes room for
the proliferation of parasites, equally ignorant of both A and B,
who seek to thrive by intimating to practitioners of A that they do
not understand B, and vice versa. We see this happening now, alas,
in the history of mathematics. Let us try to stop the disease before
it proves fatal.”

Without wishing to engage in controversy, we suggest that
certain features of the report in question may reflect the reviewer's
early career stage. This, in turn, raises the question of the criteria by
which reviewers are selected for the EMS Magazine. Under different
circumstances, one might have hoped for an additional review
offering a more extensive engagement with this huge project (114
articles involving a very large spectrum of topics). Let us end by
pointing out that the publishers’ website of the book includes
reviews by Jean-Pierre Bourguignon, Barry Mazur and John Stillwell
who all express a different perception of the Handbook.
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New editor appointed

Matteo Petrera has been an editor and
researcher at zbMATH Open, Math-
ematics Department, FIZ Karlsruhe —
Leibniz Institute for Information Infras-
tructure, since 2020. His work focuses
on editorial workflows and on the in-
tegration, cross-linking, and indexing
of mathematical research data. In this
role, he contributed to the transition of
zbMATH to a fully open service, which
became effective in January 2021.

He obtained his PhD in physics
(mathematical physics) from Roma Tre University in 2007, after
completing his degree in physics there. In the same year, he was
awarded a Marie Curie European Fellowship to conduct research
at the Technical University of Munich, Department of Mathematics.
From 2009 to 2020, he held a research position at the Techni-
cal University of Berlin, Department of Mathematics, where his
responsibilities included research, teaching, and the supervision
of undergraduate and doctoral students. Beginning in 2012, he
participated for two consecutive funding periods in the project
Discretization in Geometry and Dynamics, funded by the German
Research Foundation (DFG). His research interests were in the the-
ory of integrable systems, both finite- and infinite-dimensional,
in continuous and discrete time. His work was situated at the
intersection of dynamical systems, geometry, and algebra.
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Toy model for a career in academia

Constanza (Coni) Rojas-Molina

and another

Postdoc'.

Toy model for a career in academia, originally published at ragebb.wordpress.com.

Coni is a mathematician at CY Cergy Paris University, France. She is

a science communicator and illustrator. Her preferred formats are
sketchnotes and comics. She created the blog The rage of the blackboard
at ragebb.wordpress.com where she interviewed female mathematicians
and wrote articles about life in academia, from a mathematician’s

EMS MAGAZINE 139 (2026) — DOI 10.4171/MAG/293

perspective. She is a member of the EMS Outreach and Engagement
Committee, and the recipient of the 2024 Prize for Science
Communication at CY Cergy Paris University. You can see her work
at crojasmolina.com.

hello@crojasmolina.com
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Join the EMS

You can join the EMS or renew your membership online at
euromathsoc.org/individual-members.

Individual membership benefits

Printed version of the EMS Magazine, published four times a year
for no extra charge

Free access to the online version of the Journal of the European
Mathematical Society published by EMS Press

Reduced registration fees for the European Congresses

Reduced registration fee for some EMS co-sponsored meetings
20 % discount on books published by EMS Press

(via orders@ems.press)*

Discount on subscriptions to journals published by EMS Press

(via subscriptions@ems.press)*

Reciprocity memberships available at the American, Australian,
Canadian, Japanese, Indonesian and Mongolian mathematical societies

*

These discounts extend to members of national societies that are
members of the EMS or with whom the EMS has a reciprocity
agreement.

Membership options

40 € for persons belonging to a corporate EMS member society

(full members and associate members)

60 € for persons belonging to a society, which has a reciprocity
agreement with the EMS (American, Australian, Canadian, Japanese,
Indonesian and Mongolian mathematical societies)

80 € for persons not belonging to any EMS corporate member

A particular reduced fee of 8 € can be applied for by mathematicians
who reside in a developing country (the list is specified by the EMS
CDQ). This form of membership does not give access to the printed
version of the EMS Magazine.

Anyone who is a student at the time of becoming an individual EMS
member, whether PhD or in a more junior category, shall enjoy

a three-year introductory period with membership fees waived.
Lifetime membership for the members over 60 years old.

Option to join the EMS as reviewer of zoMATH Open.
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The Calderén An Introduction

Problem Joel Feldman, University of

British Columbia, Mikko Salo,

o Feldman University of Jyvdskyla

Cunther Uninann & Gunther Uhlmann,

University of Washington

Graduate Studies in Mathematics,
Vol. 253

An introduction to the mathematical
theory of the Calderén problem. This
book includes a thorough account of
many important developments. Basic properties of weak
solutions of partial differential equations, of Sobolev spaces, and
of Fourier transform are developed in the text and appendices.
Jan 2026 466pp

9781470481971 Paperback £76.00 [ €88.00

9780821898840 Hardback £116.00 [ €133.00
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Updated Edition
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Martin H. Weissman,
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" A comprehensive introduction to
number theory, with complete proofs,
worked examples, and exercises.

Almost 500 sharp illustrations
accompany elegant proofs, from

prime decomposition through quadratic
reciprocity. Geometric and dynamical
arguments provide new insights and allow for a rigorous
approach with less algebraic manipulation.
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An introduction to the mathematical
theory underpinning the recent
advances in deep learning. Detailed derivations as well as
mathematical proofs are presented for many of the models and
optimization methods which are commonly used in machine
learning and deep learning. Applications, code, and practical
approaches to training models are also included.

Jan 2026 550pp
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Hermann Minkowski (1864-1909) was a
prominent member of the famous
golden epoch of mathematics at
| Géttingen University in Germany. The
present book is an English translation of
—— notes (never published) from the course
VIS ; r
on number theory taught by Minkowski in
Winter 1907/08. The main topic of the
course was the Fermat theorem and various methods used to
prove it at that time.
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New EMS Press title

HERITAGE OF EUROPEAN MATHEMATICS

Rossana Tazzioli

From Differential Geometry
to Relativity

Levi-Civita's Lectures on the
Absolute Differential Calculus,1925-1928

* 20% discount on any book purchases for
individual members of the EMS, member soci-
eties or societies with a reciprocity agreement
when ordering directly from EMS Press.

EMS Press is an imprint of the

Rossana Tazzioli (Université de Lille)

From Differential Geometry to Relativity
Levi-Civita's Lectures on the Absolute Differential Calculus, 1925—-1928

Heritage of European Mathematics
ISBN 978-3-98547-092-1. eIsBN 978-3-98547-592-6
August 2025. Hardcover. 535 pages. €99.00*

This book examines Levi-Civita’s lectures on tensor calculus as a lens
to illuminate key aspects of his scientific legacy. It highlights the
deep interplay between his teaching and research, particularly in
tensor calculus, differential geometry, and relativity, as well as

his role as a mentor at the University of Rome. More broadly, it tra-
ces the history of Riemannian differential geometry from roughly
1870 to 1930.

Key themes emerge: the influence of the Italian mathematical
tradition in Levi-Civita's work on tensor calculus, the intrinsic link
between analysis, geometry, and relativity in his work, and his
pedagogical approach, which incorporates physics and geomet-
ric intuition to extend mathematical results. The book also ex-
plores his collaborations with Enrico Fermi and Enrico Persico,
shedding light on the Via Panisperna group during a pivotal period
in theoretical physics.

Levi-Civita's treatise became a foundational text in absolute differ-
ential calculus, essential for physicists mastering tensor calculus in
Einstein’s theories.

Drawing extensively from his archives — preserved at the Archivio
Storico dell’Accademia Nazionale dei Lincei in Rome and within the
Ceccherini-Silberstein family — the book offers fresh insights into his
personal, scientific, and academic life. His correspondence reveals
his far-reaching influence, spanning students in Rome, international
scholars, Rockefeller fellows, and colleagues inspired by his ideas
and mentorship.
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