
EMS SCHOOL ON:

NEW PERSPECTIVE ON THE CLASSIFICATION OF FANO MANIFOLDS

1. Names of the scientific organisers

• Francesco Zucconi, Dipartimento di Matematica e Informatica, Università degli Studi di Udine.
E-mail address: francesco.zucconi@uniud.it

• Pietro De Poi, Dipartimento di Matematica e Informatica, Università degli Studi di Udine.
E-mail: pietro.depoi@uniud.it

2. A brief description of the objectives of the school and of the courses

The aim of the school is to bring together 20/30 young researchers in a cosy contest to show them both the new
current ideas on the classification of Fano manifolds coming from the theory of mirror symmetry, and the present state
of the theory of Fano varieties after the breakthrough work by S. Mori.

The school is then naturally divided into two courses, the specific contents of which we present below.

2.1. First course: Mirror Symmetry and Fano manifolds (A. Corti). The object of this course is to introduce
a new perspective on the classification of Fano manifolds coming from work in mirror symmetry.

The quantum period of a Fano manifold X is a generating function for certain Gromov-Witten invariants of X
which plays an important role in mirror symmetry. Indeed, we say that a Fano manifold X is mirror to a Laurent
polynomial f if the quantum period of X equals the classical period integral of f . [3] shows by explicit computation
that the 3-dimensional Fano manifolds with very ample anticanonical bundle have mirrors given by a combinatorially
defined collection of Laurent polynomials called Minkowski polynomials. This strongly suggests a new approach to the
classification of Fano manifolds: by proving an appropriate mirror theorem and then classifying Fano mirrors. The
distinct advantage of this approach is that the mirrors are objects of combinatorics: given enough computing power,
their classification is a trivial matter and involves none of the subtle projective and algebraic geometry that one needs
in the classical approach.

The only known theoretical framework for mirror symmetry which is general enough and constructive enough for
this new approach to Fano classification is the Gross-Siebert program. In the Gross-Siebert program, pairs (X,D)
of a Fano manifold and anticanonical divisor D arise, together with their mirrors, as smoothings of degenerate pairs
made of toric components glued torically (the Laurent polynomial f arises from a tropical disk count). We expect
that, at the time of this school, we will have made some progress interpreting the work of [3] in the framework of the
Gross-Siebert program.

The lectures will cover the following topics:

(1) a discussion of the works [1], [2], [3] and some of the necessary background on quantum cohomology, periods
of integrals, and combinatorics of lattice polytopes and mutations;

(2) an introduction to the Gross-Siebert program and the construction of pairs (X,D) by smoothing degenerate
pairs made of toric components glued torically, by scattering diagrams;

(3) examples of Fano 4-folds (depending on time and progress).
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2.2. Second course: Explicit birational geometry and Fano varieties (Y. Prokhorov). The object of this
course is to reflect the present state of the classification theory of Fano varieties. This classification is closely related
to the one of the finite subgroups of the group Bir(X) of birational automorphisms of a Fano variety X and these
subgroups can be studied by a method coming from the Mori theory. In the course we will present many recent
applications of this method obtained by many mathematicians (Beauville, Blanc, Dolgachev, de Fernex, Iskovskikh,
Lamy, Cantat, Cheltsov, Shramov and others).

The following topics will be covered:

(1) basic properties, lower-dimensional Fano varieties;
(2) equivariant Mori theory: arithmetic and geometric cases;
(3) singular Fano varieties and “good” degenerations;
(4) applications: rationality problems, Cremona groups, etc.

3. The importance of the topic

Fano varieties are among the most basic geometric objects we can imagine, and we think that the groundbreaking
Minimal Model (Mori) Program makes very evident the importance of the notion of Fano variety. Moreover many
new results concerning them have often had far reaching impacts on many other topics.

Finally, we think it is very important to point out that the new approach to the classification of Fanos via mirror
symmetry leads to a deep interaction between abstract theories and computational techniques which, in due time,
could be the starting point of concrete applications.

4. The motivation for the choice of the lecturers

We have chosen Yuri Prokhorov and Alessio Corti not only since they are among the most prominent contributors
to their respective topics but also because both of them have excellent didactic skills and, by direct experience of the
organisers, Alessio and Yuri are able to create the right atmosphere to communicate mathematics to young researches.

5. A tentative budget

We think that Palazzo del Torso site of the International Centre for Mechanical Sciences (CISM) is an optimal
location where to held the EMS-School, since it has beautiful lectures rooms and offices for the speakers, a well-
established catering service for meals and a nice guest house where, at the price of 30 euros per night per person, all
the participants can be host in the city centre.

We could offer each person full board plus a shared double room inside CISM guest house at the price of 408 euros
for the entire period (six nights). Considering a contribute of about 300 euros for the travel, the cost of each young
researcher is of 708 euros, see Table 1. The cost for 25 young researches is then of 17,700 euros.

Room Lunch
Coffee
break

Supper
travel ex-
penses

total per
person

cost for 6 days 180 EUR 90 EUR 18 EUR 120 EUR 300 EUR 708 EUR

Table 1. Living costs for one person.

We think the two lectures deserve a small compensation and hence they can receive 3,000 euros each, but this
money includes taxes payment, travel expenses, living expenses and the hotel bill, since, here in Udine, we can have
good hotels at the price of 60 euros for night.

Finally we need to add other 2,500 euros to use Palazzo del Torso. To sum up the event will cost no more than 27,000
euros for a school of 25 partecipants, see Table 2. Since we should obtain about 5,000 euros from other institutions,
we ask for about 22,000 euros. Obviously the number of participants can be varied between 20 up to 30 according to
the received funds.

20 participants 25 participants 30 participants

Total costs 22,660 EUR 26,200 EUR 29,740 EUR

Table 2. Total costs.


