Report on the Dynasty—IUM fellowship 2015

SERGEY GALKIN

New results

[1] Koncrpykius noBepxsoctu DHpUKBeca creneHu 16 Kak JIMHEHOE CeueHue COeJMHEHMs JBYX LOBEPXHOCTeN
Beponese.

Panee s mocTpoms HECKOJIBKO TVIAAKUX TPEXMEPHBIX MHOroobOpasmii Kamabu—y, kak JuHeiHble cedeHus
COeIMHEHUN Tap TPEXMEpPHBIX MHOroobpasmit menp Ilero, m w3yumn ux cpoiicrBa. OawH W3 TOHKAX MOMEHTOB
3aKJII0YATICS B TOM, 9TO HE TIPO BCE MPUMEPHI ObLIO TMOHATHO, OJHOCBSI3HBI I OHU — KaK MPABUIO OJHOCBI3HOCTH
[IOJIy 9aeTCs BbIBeCTH IpuMeneHneM Teopembl bapra—Jledmena, Ho oun mpuMep HACTOWYIUBO YKJIOHSJICHA OT 00IaCTH
[IPUMEHUMOCTH JII0O00H TeopeMbl TAKOro tuma. B sroMm mpumepe TpéxmepHoe muoroobpasue Kamabu—y ¢ by = 1
HMeeT AHOMAJIBHO OOJIBINYI0 CcTerneHb 64, W MOJIydaercss Kak JIMHEHHOE CedYeHWe COeIWHEHWS IBYX TPEXMEPHBIX
muoroobpasuit Beporese B P?. Okasaiock, uTo 3170 MEOroo6pasue Kanabu—5ly mMmeeT Hepa3BeTBISHHOE IBYIHCTHOE
HAKPBITHE, SIBJISIONIEECs CIeNUaTbHbIM TIAJIKUM TIOJTHBIM TIEPecedeHeM KBAIPUK, U BCE 3TO OTOMY, 9TO COEIHHEHNE
nIByx MHOrooGpasuii Beponese siBiisiercsi (pakTOpOM MPOEKTUBHOTO MPOCTPAHCTBA 110 WHBOJIOIUH.

[Tosromy s mocMoTpes Ha TpPUMEp B IPEAbLAYIIed Pa3sMEpHOCTH, TO €CTh HA JUHEHHOE CEYEeHUe COeUHEHUS
IBYX TIOBepXHOCTel Bepomese. AHajoruunblie paccy>KIEHWsS TMOKA3BIBAIOT, YTO 3TO MOBEPXHOCTH DHPUKBECA B €€
MPOEKTUBHOM MOIE/U, 33aHHON mossgpu3amueit cremenu 16. IIpenmyIecTBo Takoro ONmWCaHus, MO CPABHEHWIO
C ONHCAHWEM MPOCTO Kak (haKTOPa OT TMepecedeHus TPEX KBAJAPUK IO CBOOOIHON WHBOJIONWHA, B TOM, YTO
OBEPXHOCTH Beponese mMeeT MHTEPECHOE MPOEKTHBHO-JIBONCTBEHHOE MHOro0Opasue, a WUMEHHO YeTEPEXMEpHYIO
JIeTepPMUHAHTAIbHYIO KyOuKy, 3amanuyio ypasaeauem det M = 0.

Takum 0Opa3oM, IO OIHUM W TEM Ke JTMHEHHO-aIre0pandecKuM TaHHBIM MOYKHO TIOCTPOUTD JBA T€OMETPUIECKITX
00BEKTA: TIOBEPXHOCTHh DHPUKBECA, MOTYIEHHYIO KaK JHHEHHOe cevdeHne CoeJMHeHns IBYX moBepxHocTeil Beponese
npocrparcTBoM P(W) KOpa3sMEpPHOCTH TpPH, ¥ DPAIMOHAIBHYIO SJUIMITHYECKYIO MOBEPXHOCTH, COOTBETCTBYIOILYTO
nydky Kybmk adet M; + Bdet My, = 0 ma mpoektusHoii mmockoctn P(WL). Bomee Toro, y panuoHaTbHOM
JLIAITHYECKO} noBepxHOCTH ABa 10 (Hasx Todkamu (1:0) u (0 : 1)) Beiaenennbe. EcrecTBeHHO IpE/IONOKUTD,
4YTO MOBEPXHOCTh JHPUKBECA IOJIYYaeTcs U3 PAMOHAIBHON JIorapudMuIecKuM npeobpa3oBaHueM B BbIIEJIEHHBIX
caosix. I1o ceiivac mokaswiBaoT Esrenuit Mapmiakos u Esrennit Edumenko.

[2] TuniepKesIepOBBI MHOTOOOPA3Hst M MOJYJISpHbIE (OPMBI

This June we did some experiments with Duco van Straten that suggest the following. One-dimensional moduli
spaces of lattice-polarised hyperkédhler manifolds tend to be the usual modular curves with respect to some con-
gruence subgroups in SL(2,R), and the periods of the respective Picard—Fuchs equations are the usual modular
forms. First of all, this suggests that the respective hyperkadhler manifolds with large Picard number are isoge-
neous to powers of elliptic curves, similarly to the theory of Inose-Shioda and Morrison. Also mirror symmetry
together with explicit computations of the respective differential equations and periods might help with providing
new constructions of hyperkihler manifolds polarised by a single ample divisor.

Interestingly, this theory also works for abelian varieties. Periods of the mirror-dual family cannot literally
coincide with any rational curve counting, since there is obviously physically no rational curves. Instead it is believed
that they can be seen on the symplectic side as some open Gromov—Witten invariants, counting holomorphic disc
(maybe in some tropical limit). In the particular case of the Jacobians of hyper-elliptic curves, one can do explicit
computations of “rational curves” using the abelian/non-abelian correspondence of Bertram—Ciocan-Fontanine—
Kim—-Sabbah and obtain some particular differential equations and modular forms (some powers of theta-functon).
This is the subject of Artem Kalmykoff’s diploma.

Similarly, explicit computations for Beauville-Donagi’s fourfold and the model of Enriques surface above produce
some explicit modular forms. Now we are trying to identify what kind of modular forms (or, more generally,
differential equations with vanishing Yukawa couplings) are possible to obtain by this construction, later we plan
to invert it to obtain new descriptions of polarised manifolds.

Papers
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[1] With L. Katzarkov, A. Mellit, E. Shinder
Derived categories of Keum’s fake projective planes
Advances in Mathematics 278 (2015) 238-253.

In this paper we conjecture that derived categories of coherent sheaves on fake projective n-spaces have a semi-
orthogonal decomposition into a collection of n 4+ 1 exceptional objects and a category with vanishing Hochschild
homology. We prove this for fake projective planes with non-abelian automorphism group (such as Keum’s surface).
Then by passing to equivariant categories we construct new examples of phantom categories with both Hochschild
homology and Grothendieck group vanishing.

[2] With A. Mellit and M. Smirnov
Dubrovin’s conjecture for IG(2,6)
International Mathematics Research Notices 2015 (18): 8847-8859.

We show that the big quantum cohomology of the symplectic isotropic Grassmanian IG(2,6) is generically
semisimple, whereas its small quantum cohomology is known to be non-semisimple. This gives yet another case
where Dubrovin’s conjecture holds and stresses the need to consider the big quantum cohomology in its formulation.

[3] With V. Golyshev and H. Iritani
Gamma classes and quantum cohomology of Fano manifolds: Gamma conjectures
arXiv:1404.6407 and IPMU 10-0200, to appear in Duke Mathematical Journal.

We propose Gamma, Conjectures for Fano manifolds which can be thought of as a square root of the index
theorem. Studying the exponential asymptotics of solutions to the quantum differential equation, we associate a
principal asymptotic class Ap to a Fano manifold F'. We say that F' satisfies Gamma Conjecture I if Ap equals the
Gamma class I's. When the quantum cohomology of F'is semisimple, we say that F satisfies Gamma Conjecture
IT if the columns of the central connection matrix of the quantum cohomology are formed by r rCh(E;) for an
exceptional collection F; in the derived category of coherent sheaves Dgoh(F ). Gamma Conjecture II refines part
(3) of Dubrovin’s conjecture. We prove Gamma Conjectures for projective spaces and Grassmannians.

[4] With T. Coates, A. Corti, A. Kasprzyk
Quantum periods for 3-dimensional Fano manifolds
arXiv:1303.3288 and IPMU 13-0113, to appear in Geometry and Topology.

The quantum period of a variety X is a generating function for certain Gromov—Witten invariants of X which
plays an important role in mirror symmetry. In this paper we compute the quantum periods of all 3-dimensional
Fano manifolds. In particular we show that 3-dimensional Fano manifolds with very ample anticanonical bundle have
mirrors given by a collection of Laurent polynomials called Minkowski polynomials. This was conjectured in joint
work with Golyshev. It suggests a new approach to the classification of Fano manifolds: by proving an appropriate
mirror theorem and then classifying Fano mirrors. Our methods are likely to be of independent interest. We rework
the Mori—-Mukai classification of 3-dimensional Fano manifolds, showing that each of them can be expressed as the
zero locus of a section of a homogeneous vector bundle over a GIT quotient V/G, where G is a product of groups
of the form GL,(C) and V is a representation of G. When G = GL;(C)", this expresses the Fano 3-fold as a
toric complete intersection; in the remaining cases, it expresses the Fano 3-fold as a tautological subvariety of a
Grassmannian, partial flag manifold, or projective bundle thereon. We then compute the quantum periods using
the Quantum Lefschetz Hyperplane Theorem of Coates—Givental and the Abelian/non-Abelian correspondence of
Bertram—Ciocan-Fontanine-Kim—Sabbabh.

[5] Degenerations, transitions and quantum cohomology
to appear in Tropical Aspects in Geometry, Topology and Physics, Mathematisches Forschungsinstitut Oberwol-
fach, Report No. 28/2015, DOI: 10.4171/OWR/2015/23

Given a singular variety I discuss the relations between quantum cohomology of its resolution and smoothing.
In particular, I explain how toric degenerations helps with computing Gromov-Witten invariants, and the role of
this story in "Fanosearch" program.

[6] With T. Coates, A. Kasprzyk, A. Strangeway


http://dx.doi.org/10.1016/j.aim.2015.03.001
http://dx.doi.org/10.1093/imrn/rnu205
http://arxiv.org/abs/1404.6407
http://arxiv.org/abs/1303.3288
http://msp.org/scripts/coming.php?jpath=gt

Quantum Periods For Certain Four-Dimensional Fano Manifolds
arXiv:1406.4891, submitted to Documenta Mathematica

We collect a list of known four-dimensional Fano manifolds and compute their quantum periods. This list
includes all four-dimensional Fano manifolds of index greater than one, all four-dimensional toric Fano manifolds,
all four-dimensional products of lower-dimensional Fano manifolds, and certain complete intersections in projective
bundles.

[7] With H. Iritani

Gamma conjecture via mirror symmetry

arXiv:1508.00719, submitted to the proceedings of the conference “Primitive Forms and Related Subjects” at IPMU
(Feb 2014), to be published in a volume of Advanced Studies in Pure Mathematics

[8] With E. Shinder
On a zeta-function of a dg-category
arXiv:1506.05831

We define a zeta-function of a pre-triangulated dg-category and investigate its relationship with the motivic
zeta-function in the geometric case.

[9] With I. Karzhemanov and E. Shinder
Acyclicity of non-linearizable line bundles on fake projective planes
IPMU 15-0202

On the projective plane there is a unique cubic root of the canonical bundle and this root is acyclic. On fake
projective planes such root exists and is unique if there are no 3-torsion divisors (and usually exists but not unique
otherwise). Earlier we conjectured that any such cubic root (assuming it exists) must be acyclic. In the present note
we give a new short proof of this statement and show acyclicity of some other line bundles on those fake projective
planes with at least 9 automorphisms. Similarly to our earlier work we employ simple representation theory for
non-abelian finite groups. The novelty stems from the idea that if some line bundle is non-linearizable with respect
to a finite abelian group, then it should be linearized by a finite (non-abelian) Heisenberg group. Our argument
also exploits J. Rogawski’s vanishing theorem and the linearization of an auxiliary line bundle.

Scientific conferences and seminar talks

[1] Conference NoGAGS, Berlin, December 21-22,
Talk “Hyperkédhler manifolds and modular forms”
[2] Conference Magadan Algebraic Geometry International Conference, Magadan, December 6-12,
Talk “Counting rational curves on abelian varieties”
[3] Conference Categorical and analytic invariants in Algebraic geometry IT, Kashiwa, November 16 — 20,
Talk “Counting rational curves on abelian varieties”
[4] Conference Categorical and analytic invariants in Algebraic geometry 1, Moscow, September 14 — 18
Talk “Joins and Hadamard products”
[5] Conference Second SwissMAP Geometry and Topology Conference, Les Diablerets, June 2326
Talk “Calculus of algebraic dynamics”
[6] Conference Amplitudes, Motives and beyond, Mainz, June 01-12
Talk “Exceptional minuscule graphs and motives”
[7] Conference Twenty-second Gokova Geometry/Topology Conference, Gékova, May 25-30
Talk “Homotopy quantization”
[8] Conference Topics in Geometry, Istanbul, May 18-22
Talk “Branched covers and columns of Golyshev—Mendeleev’s table”
Talk “Joins and Hadamard products”
[9] Conference Tropical Aspects in Geometry, Topology and Physics, MF, Oberwolfach, April 26-May 02
Talk “Degenerations, transitions and quantum cohomology”
[10] Conference New techniques in birational geometry, Stony Brook, March 07-11
Talk “A tentative integer-valued birational invariant of threefolds”
[11] First SwissMAP Geometry and Topology conference, Engelberg, January 18-23
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http://arxiv.org/abs/1406.4891
http://arxiv.org/abs/1508.00719
http://mathsoc.jp/publication/ASPM/
http://arxiv.org/abs/1506.05831
http://page.mi.fu-berlin.de/lkastner/nogags/
http://www.maths.ed.ac.uk/cheltsov/magadan/index.html
http://indico.ipmu.jp/indico/conferenceDisplay.py?confId=78
http://www.mathnet.ru/php/presentation.phtml?option_lang=eng&presentid=12324
http://jones.math.unibas.ch/~blanc/swissmap2015.html
https://indico.mitp.uni-mainz.de/contributionDisplay.py?contribId=19&confId=26
http://gokovagt.org/2015/index.html
http://www.imbm.org.tr/indexen.htm
https://www.mfo.de/occasion/1518/www_view
http://www.math.stonybrook.edu/AlgebraicGeometry/Birational2015/
http://cms.unige.ch/math/tggroup/doku.php?id=swissmapgeometrytopology

Talk “Refined counting of holomorphic discs bounded on Lagrangian torus on a surface”

[12] Conference Algebraic geometry and complex analysis for young Russian mathematicians , Koryazhma,
Russia, August 17 — 22

Talk “Class of a cubic in the Grothendieck—Levine ring”

[13] Conference "Baikal readings”, Irkutsk, March 16-27

Talk “On the origin of groups”

[14] Talk Quantum indices of real curves and non-commutative Ginzburg-Landau potentia at “Riemannian sur-
faces, Lie algebras and mathematical physics seminar, Moscow, December 18 (Independent University of Moscow)

[15] Talk Markov triples and exotic tori on a plane at “Homotopy seminar”, Moscow, December 14 (HSE)

[16] Talk Homotopy quantization at “Homotopy seminar”, Moscow, December 7 (HSE)

[17] Talk Quantum, refined, tropical, real, and homotopic at ”Algebraic Geometry seminar”, Moscow, December
4 (Laboratory of Algebraic Geometry at HSE)

[18] Talk Mirror Moonshine at Automorphic Forms and their applications, Moscow, December 1 (HSE)

[19] Talk Measurements of varieties at University of Chicago Algebraic Geometry Seminar, Chicago, October 20
(University of Chicago)

[20] Talk What is moonshine? at Séminaire “Fables Géometriques”, villa Batelle, Carouge, September 28 (Uni-
versité de Geneve)

[21] Talk Geometric moonshines at Automorphic Forms and their applications, Moscow, September 15 (HSE)

[22] Talk Gamma function in symplectic topology at Geometric structures on manifolds, Moscow, September 3
(HSE)

[23] Talk A zeta-function of a dg-category, Trieste, July 13 (ICTP)

[24] Talk The conifold point, conjecture O, and related problems at "Summer Tropical Seminar”, Bonn, June 9

[25] Talk Artin-Mumford, Ingalls-Kuznetsov and Hosono-Takagi at “Algebraic geometry seminar”, Vienna, May
8 (University of Vienna)

[26] Talk “Branched covers and the explanation for miraculous "Golyshev-Mendeleev’s table™ at Séminaire de
Géométrie Tropicale, Paris, April 6 (Université Pierre et Marie Curie)

[27] Talk “On zeta-function of a category” at "Geometric structures on manifolds”, Moscow, March 15 (Laboratory
of Algebraic Geometry at HSE)

[28] Talk “An explicit construction of Miura’s varieties” at ”Algebraic Geometry seminar”, Moscow, February 13
(Laboratory of Algebraic Geometry at HSE)

[29] Talk “An explicit construction of Miura’s varieties” at Algebraic Geometry seminar, Stony Brook, February
4 (Stony Brook University)

Teaching

[1] Proofs of Irrationality. Independent University of Moscow, students from 3 year, September-December 2015,
1.5 hours per week.
Program:

(1) Rationality, stable rationality, retract-rationality, unirationality, rational connectedness.
(2) Examples of rational varieties. Rationality of intersection of two quadrics.
(3) Birational invariants. Resolution of singularities and weak decomposition theorem. Holomorphic contravari-

ant tensors.
) Castelnuovo’s rationality criterium.
) Rationality of surfaces over non-algebraically-closed fields. Del Pezzo fibrations.
) Conic bundles, discriminant. Double covers and Prym varieties. Intermediate Jacobian of a conic bundle.
) Artin—-Mumford’s example of stably irrational unirational threefold. Torsion in homology. Brauer group.
) Clemens—Griffiths’s proof of irrationality of a smooth cubic threefold. Variety of lines on a cubic hypersur-

face. Weil’s intermediate Jacobian and Griffiths’s component.

(9) Iskovskikh—Manin’s proof of irrationality of a smooth quartic threefold. Method of maximal singularities.

Birational rigidity.

(10) Kolldr’s method: holomorphic forms in finite characteristic.

11) Voisin’s degeneration method. Stable irrationality of a very general double cover of P? branched in a quartic.

g g
12) Beauville’s proofs using Voisin’s degeneration method.
g &
ork of Colliot-Thélene and Pirutka. Stable irrationality of a very general quartic threefold.

13) Work of Colliot-Théle d Pirutka. Stable irrationality of 1 tic threefold

(14) Stable irrationality of a very general quartic fourfold after Totaro.
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http://www.mathnet.ru/php/conference.phtml?confid=604&option_lang=&option_lang=eng
http://www.mccme.ru/~galkin/talks/15-12-18.html
http://www.mccme.ru/~galkin/talks/15-12-14.html
http://www.mccme.ru/~galkin/talks/15-12-07.html
http://www.mccme.ru/~galkin/talks/15-12-04.html
http://www.mccme.ru/~galkin/talks/15-12-01.html
http://www.mat.univie.ac.at/~sergey/af.html
http://www.mat.univie.ac.at/~sergey/talks/15-07-13.html
http://www.mat.univie.ac.at/~sergey/talks/15-07-13.html
http://www.mat.univie.ac.at/~sergey/talks/15-09-15.html
http://www.mat.univie.ac.at/~sergey/af.html
http://www.mat.univie.ac.at/~sergey/talks/15-09-03.html
http://math.hse.ru/announcements/157060573.html
http://www.mat.univie.ac.at/~sergey/talks/15-07-13.html
http://www.mat.univie.ac.at/~sergey/talks/15-06-09.html
http://www.mccme.ru/~galkin/talks/15-05-08.html
http://www.mat.univie.ac.at/~sergey/talks/15-05-06.html
http://www.mat.univie.ac.at/~sergey/talks/15-03-05.html
http://www.mat.univie.ac.at/~sergey/talks/15-02-13.html
http://www.mat.univie.ac.at/~sergey/talks/15-02-04.html

[2] Algebraic Surfaces, National Research University Higher School of Economics (in IUM), students from 3 year,
September 2015 - June 2016, 1.5 hours per week.
Program:

(1) Basics of minimal model programme will be introduced as soon as they will be required. Canonical bun-
dle, adjunction formula. Divisors and curves, Picard and Neron—Severi groups, Kihler and Mori cones.
Criteria of ampleness. Hodge structure of surfaces, Hodge index theorem. Vanishing theorems, Serre du-
ality. Kodaira dimension. Finite generation of canonical and Cox rings. Blowups and exceptional curves.
Castelnuovo contraction theorem. Cone theorem, extremal rays, contraction theorem. Minimal models.
Canonical models and canonical singularities.

(2) Uniruled surfaces. Rational surfaces. Castelnuovo’s rationality criterium. Hesse pencil and other interesting
pencils. Del Pezzo surfaces, lines on them, exceptional root systems. Rational Jacobian elliptic surfaces.
Du Val singularities. Rational elliptic surfaces without a section. Halphen pencils. Conic bundles, ruled
surfaces, Tsen theorem, projectivization of vector bundles. Hirzebruch surfaces. Scrolls. Coble surfaces.
Severi—Brauer varieties.

(3) Kodaira dimension zero. Abelian surfaces. Bielliptic surfaces. Kummer surfaces. K3 surfaces. Torelli
theorem. Enriques surfaces. Reye and Cayley models. Connection with Coble surfaces.

(4) Kodaira dimension one, elliptic surfaces. Neron—Kodaira—Tate classification of minimal models of elliptic
curves over a local field. Mordell-Weil group, Shioda—Tate formula. Theory of Jacobian elliptic surfaces.
Ogg—Shafarevich theory, principal homogeneous spaces over elliptic curves.

(5) Surfaces of general type. Surfaces with p, = ¢ = 0. Example: Godeaux surface. Campedelli surfaces.
Barlow surface. Determinantal quintics and Catanese surfaces. Beauville surfaces. Bidisc quotients.
Bogomolov-Miyaoka—Yau inequality. Ball quotients. Mostow rigidity. Fake projective planes. Rigid
configurations of lines on a plane, and other rigid configurations. Fiberations by higher genus curves,
Shafarevich and Mordell conjectures. A proof of Shafarevich conjecture. Parshin’s trick and a proof of
Mordell conjecture.

[3] Seminar “Diversity of manifolds”, National Research University Higher School of Economics (in IUM), students
from 3 year, September 2015 - June 2016, 1.5 hours per week.

[4] With V. Gritsenko

Seminar “Automorphic forms and their applications”, National Research University Higher School of Economics
(joint with Poncelet lab), students from 3 year, September 2015 - June 2016, 2 hours per week.

[5] With M. Verbitsky and V. Zhgoon

Seminar “Geometric structures on complex manifolds”, National Research University Higher School of Economics
(in IUM), students from 3 year, September 2015 - June 2016, 3 hours per week.

Hayunoe pyKoBOACTBO.

[1] Aprém IIpuxoupko, gunnomuuk B HMY u acuupanr 1 rona 8 HMY u na mardake BIID.

In his diploma project Artem studies the group of algebraic 2-cycles on a smooth 4-dimensional cubic hypersurface
with large group of automorphisms. For one of the cases of interest (namely, for the unique smooth cubic fourfold
with an automorphism of order 11), he calculated the group of Tate cycles (using point counting) and has shown
that it is 21-dimensional. Then he proved that the group of Hodge 2-cycles of that cubic is 21-dimensional as well.
Since Hodge conjecture in this case is proven, the algebraic 2-cycles are 21-dimensional. Now Artem studies the
lattice of 2-cycles of this cubic in connection with the questions of its rationality, in particular now he is checking
whether it satisfies the conditions of Hassett, Kuznetsov and Galkin—Shinder. Artem is a skilled programmer,
and in his work he effectively combines the computer experiments with application of deep theories that he learnt
and many original clever ideas. Apart from his diploma project Artem is doing some research on his own, often
consulting me with various interesting questions and constructions.

Taxxke Aprém zanumaerca cienyiomeit sagaueit: ecim f(z) : X — Al u g(y) : Y — A! — napa npoexTusHbIX
MopdusMoB, Kak kKommaktudunnposars ux cymmy Cebactbann—Toma f(z) + g(y) : X x Y — Al?

[2] TTaBen TlonoB, actmpant 1 roga 8 HMY u Ha mardake BIIIS.

ITama m3ygaer Kak MOryT OBITH YCTPOEHBI MHOTOOODA3Hsi WHCTAHTOHOB, CTAOMIBHBIX BEKTOPHBIX PACCIOCHUM
U CTaOUIbHBIX IIy9YKOB G€3 KpydeHUs HAa MHOroOOpa3usax, HEPA3BETBIEHHO HAKPBIBAEMBIX KOMILIEKCHBIM IIapOM.
Mbr HajieeMcst, 9TO PACCMOTPEHHUE YTUX MHOrOOOpPA3uil MO3BOJIAT JIATh KOHIENTYAJIbHOE JI0KA3aTEIbCTBO TEOPEMbI
NPOMOPIMOHATIBHOCTH XUPIEOpyXa, TaK¥Ke MPOSICHAT YTO-TO TIPO 3aHyjeHue (MU CyIIeCTBOBAHUE) aBTOMODPQHBIX
dopm kpuTnueckux Becos s rpyni SU(n, 1), 1 MoxKeT ObITh TIOMOKET IOKA3aTh CyIECTBOBAHIE UCKIIIOUATEHLHBIX
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HabOPOB 1 (HPAHTOMOB HA JIOKHBIX LIPOEKTUBHBIX IIPOCTPaHCTBaX (rak HasbiBaemas ruuore3a [ankuna—Kanapkosa—
Menmnra—Tnnaepa).

[3] Amurpwmit ITIBenos, qumiaoMHUK Maruncrparypbt BIIS.

OcHoBHbIe O6MacTH wWHTEpPEcOB JIMMBI JieKaT B 3JEMEHTAPHOW TeOMETPUH, TPONHWYECKOW TIeOMETPUU, U
anrebpanvdecKoil TEOPUHU YUCE, KOTOPYIO OH Cefdac OYeHb XOYeT OCBOUTb.

B kypcosoii pabore “Apudmerndeckn SKBUBAJEHTHBIE 110Jisd, U CPpaBHeHHe J3eTa~(pyHKUuil MHOrooOpasuii Ha/l
HUMA, HATUCAHHOM BecHoit 2015 roma, JInma u3ydas BOMPOC “MOXKHO JIM YCIIBIIIATH (DOPMY YUCTIOBOTO TIOJIST TIOCTIE
3aMmenbl 0a3br?”. JIBa YHCJIOBBIX TOJIsT HA3BIBAIOTCS apU(PMETHYECKN SKBUBAJEHTHBIMU, €CJIN UX I3eTa-DyHKITHI
Jenexknnna pasabl. V3BeCTHO, 9TO Takme mapbl Hem30MOpdHLIX noseil K u K’ cymecTByoT, u 061a5a10T TaKAM
CBOMCTBOM: WX HOpMaJjm3anuu coBnagaior (obo3Hauum 310 moJie depes L), a rpoiika rpynn Lanya Gal(L/Q),
Gal(L/K), Gal(L/K') aBnaerca Tak naspiBaemoii Tpoiikoii ['accmana, T0 €CTb IpeACTaB/IeHus, 0Ly YeHHbIE KaK
WHIYIIUPOBAHHBIE C ABYX MEHBINWX TOATPYIIN HA OOIIyI0 00bIyi0 m30MOpQdHBI. Takas ke KOHCTPYKIMS TPOEK
laccmana obcayxuBaer u KOHCTPYKIuio CyHAIbI, MO3BOJSIONIYI0 JATh OTPUIATEIBHBIN OTBET HA BOMPOC “MOXKHO
Jm ycaeimarh ¢Gopmy Oapabana?”’, TO €CTb CYMIECTBYIOT JIM Mapbl HEM30OMETPUYHBIX PUMAHOBBIX MHOTO0Opa3wmit
C COBIAJAIONIMME CIEKTpaMu oreparopa Jlamraca. Iuma pazobpaics ¢ Tem, 9TO MOYKHO CKa3aTh MPO mapy
apudMeTHYeCKH YKBUBAJEHTHBIX MOJIeH, W U3ydas BOIPOC O TOM, MPU KAKUX 3aMeHaX 0a3bl 9KBUBAJIEHTHOCTH
COXpaHAETCs, & OPU Kakux Her. JIpyrumu cjaoBamu, ecjid 3aJaHo MHOroobpasume X Haj [OJIEM PANMOHATIBHBIX
gncen QQ, 9To MOKHO cKazaTh Tpo a3era-bynkumn X man K w mamg K'?

Hunyiomuasa pabora JIuMbl CBA3aHBI C JUIIOMHON paboroit Apréma IIpuxompko. ([lokasanHas) rumoresa
Ceppa yTBepxKIaer, 94TO BCe JABYMEpHBIE MpejcTaBieHus: [amya MOIyISpHBI, TO €CTh 0OpaTHOe MpPeodpa3OBAHNE
Mennmuaa or ux L-dyHkmun sBasgercs [ekke-cobcTBeHHON MOy isapHO# (opmoit. B gacTHOCTH, 3TO O3HAYAET UTO
ns moboro Muoroobpasus X/Q, y Koroporo “mHOr0” airebpamdecKux n-IUKI0B IpejacTasienne Lamya H2"(X)
SIBJISIETCS] MOIYJISTPHBIM € TOYHOCTHIO 10 L-dyuknnit MorusoB Apruna—Teiita. Takum 00pa3oM, eCiiu 3aJaH0 KAKOe-
TO asrebpamdeckoe MHOrooOpaszme X, ONpeeséHHOE HAJl MOJieM palroHAILHbIX umcesn Q, ecam i KaKoOro-To
n pasHoCcThb BTOpOro umcia Berru b, (X) u panra umcia ajrebpandecKux IUKJIOB paBHA JBYM, TOTJa 00paTHOE
npeobpazoanue Mesumna or L-dpyukuuu L, (X) sapisercs momynspuoit (opmoit Beca n + 1, ¢ TOYHOCTBIO 10
L-byukuuit Apruna. Yerbipéxmepuas kybuka ®epma, usyudasiiascsd MHOIUMH, a TakzKe (Locie pe3yiabraroB A.
ITpuxoapKo) UeThIpéxMepHas KyOuka ¢ aBroMopdusMoM nopsiaka 11, kKak pa3 061agai0T TpebyeMbiM CBORCTBOM
“masoctr”. Beraér Bompoc: HaiiTu MOLyIsSpHBIE (DOPMBI, COOTBETCTBYOIINE Y€THIPEXMEPHBIM KyOukam ¢ 21-mepHoit
CPYIIoON TeATOBBIX MUKJIOB. Hampumep, mist Kyoukwu, uccienoBanuoit Aprémom TTpuxoanKo, JOMIKHA MOy YUTHCS
enuuctBennas C'M-bopva ypoBas 3 m Beca 27. YcTaHOBJIeHWEM 3TOro Bompoca Jlmma B HACTOAIUN MOMEHT W
3aHSAT.

[4] Anapeit JaBbiaos, quninomuuk 6akanaspuara mardaka BIITD.

Tema gumoma: “IIpousBomHas KaTeropus MHOTO0Opa3us MPAMBIX Ha Kybuueckoii runepnosepxaocru’ (“Derived
category of the variety of lines on a cubic hypersurface”).

Most patora arXiv:1405.5154 (coBmectro ¢ E. [Ilungepom) Hadamack ¢ HOMBITKHE JOKA3aTh (HEOMYOIMKOBAHHYIO)
PUIIOTE3Y: OTPAHWYEHHAs TPOU3BOAHAS KATErOPHUS KOTEPEHTHBIX MYyYKOB y MHOrO00Pa3us MPSIMBIX HA TJIAJKON
4erbIPEXMEpPHOil KyOUYeCKO! I'MIIEPIOBEPXHOCTH IKBUBAJIEHTHA CUMMETPUYECKOMY KBazapary (B cmbicsie [anrep
n Kampanosa) or kareropun Kysuernosa (IomycTuMOil MOIKATErOpuM B OIPAHUYEHHON MPOU3BOIHON KATETOPUU
KOTEPEHTHBIX IYYKOB HA, CaMOil KyOWKe, OpPTOrOHAJBHON K HCKJIIOYATE]HHOMY HAOOPY #3 TPEX JIMHEHHBIX
paccjioenuii). DTa TUIIOTE3a [0 CUX HOP OTKPBITA, HO MbI CMOIJIM JOKa3aTh, YTO COOTBETCTBYIOIIEE PABEHCTBO
AMeeT MeCTO B KOJibIle I poreHanka oT Kareropuii. JIjist 9TOT0 HyKHO CKOMOMHHUPOBATH (DOPMYITY, JOKA3AHHAS B 3TOMH
pabore, ¢ dbopmyIIoil, CBA3bIBAIOIIEH OObIYHbIE U KATEIOPHbIE CUMMeTpUYecKue KBaiparbl (oHa chopMmysiupoBaHa
B TepBOil Bepcuu npenpuHTa arXiv:1506.05831, m MbI J00aBUM €€ HECJIOKHOE JOKA3ATETHCTBO B OOHOBJIEHHYIO
BEPCHIO).

Anppeit eiTaercs JI0Ka3aTh MUCXOJHYIO THIOTE3Y MPO IKBUBAJEHTHOCTH KATErOPHUH, BHIIEIUB TEOMETPUYECKOE
conep:KaHue U3 ABYX HAIMUX (popMys, B CKOMOMHHPOBAB 3TO.

[5] EBrenuit Edumenko, cryment 4 kypca mardaxka BIII.

Tema puiuioma: “JIorapudmuyeckue upeobpaszoBanus u poekrusHas asoiicrsennocrs’ (“Logarithmic transfor-
mations and projective duality”). 9T0 NONBITKA OHATH CBA3H, OMUCAHHYIO B HAYAJIE OTIETA.

[6] Aprem KanmbikoB, quiuioMHnk GakanaBpuara Mardaka BITID.

Aprém 3aHMMaETCA CUMIUIEKTHYECKUI M TPOIMYIECKON reOMeTPHUsIMU, 3€PKaIbHON cummerpueil (B cruie SYZ u
BoJiee JIOCTYIHBIMU U1 BBIYMCIIEHUH TPONMYECKMMU AHAJIOTAMHK ), MHTEpecyeTcst GUpalMOHaIbHOI reoMeTpuei.


http://arxiv.org/abs/1405.5154
http://arxiv.org/abs/1506.05831

Becnoit 2015 roga Aprém Hamucasa KypcoByio paboTy PO 3ePKAIbHY 0 CUMMETPHIO st A DUHHBIX TOBEPXHOCTEH
Kanabu-dy c¢ makcumasbuoit rpanureii. Oka3biBaeTcsi, 4TO IjIsd 3TOTO Kjacca MHOroobpaswmii, I'pocc—Xakuur—
Kun-KouresBud mpejioKuin KOHKPETHYIO ajire0po-reOMeTPUYeCKyI0 KOHCTPYKIMIO (BIPOYEM, HCHOJIb3YHOILYT0
9JIEMEHTHI UCYUCIUTEIHHON TeOMeTpHUr) JIjisi TIOCTPOEHUs] 3ePKAJILHONO JBORCTBEHHOrO mapTHepa. Vnes Bocxomur
K SYZ-KOHCTPYKIMU 3€PKAIbHON cuMMerpur (CKOMOMHMPDOBAHHOW C HECKOJIbKUMH HIEAMH T[OMOJIOTMYECKOi
3€PKaJIbHOI CUMMeTpUK), PACCMOTPEHHOMN B TpolinyeckoM upejeie. Craprysi ¢ HOBEPXHOCTU TAKOIO THUIIA, CTPOUTCS
0ECKOHEYHOMEPHOE TPOCTPAHCTBO C SBHBIM DA3MCOM, MPOHYMEPOBAHHBIM CIEIUATBHBIMUA HOPMUDOBAHUSIME OIS
byHKIMNE HUCXOIHOW MTOBEPXHOCTH, HA KOTOPOM BBOIHUTCH CTPYKTypa (DPOOEHMYCOBOI aaredpbl, WCIOIH3YOIIas
HEKOTODPBIE CIEIUAbHbIE WHBAPUAHTHI |'pomMoBa—BurTeHa Kak CTpyKTypHbIE KOHCTAaHTHI. CHeKTp 3TO# aareOpnl
9TO 3epKaJIbHO JIBOMCTBEHHAs IOBEPXHOCTh. B cpoeil pabore AprTém pasobpas Kak 3Ta KOHCTPYKIHUsS padoTaer Ha
npumepe addunnoit moepxHocTu meab llenno cremenu 5, TO €CTh JOMOJHEHHS TPOEKTHUBHON MOBEPXHOCTH JI€JTh
ero crenenu 5 10 MATHYTOABHAKA (—1)-KPUBHIX.

Ceituac ApTém muIeT JUMIOMHYI0 pabOTy PO 3€PKATBLHYI0 CUMMETPHUIO I SIKOOMAHOB THIEPJLIMITHICCKIX
KPUBBIX.

[7] Anekcanapa Masyposa, qumiomuulia 6akasaspuara mMardaka BIITD.

Tema punuioma: “Uckiroguresnbrabie HAGOPbL HA UCKJIIOUUTEIbHBIX MUKPOBECOBbIX MHOrooOpasusx’ (“Exceptional
collections on exceptional minuscule varieties”).

Kysuermos w Ilomuniyk mokas3aaw, 9TO HA BCEX OJHOPOAHBIX MHOroobpasmsix suma G/P, tme G 3ro
HOJIynpocTas ajrebpandeckas rpymna Kiaaccudeckoro tuna (SL, SO, Sp), a P 310 napabojudeckas MOACPYyIIIa.
AHaMOrnYHBIN PE3yIbTAT OKUJAETCA U HA BCEX UCKIIIOYUTETbHBIX OJHOPOIHBIX MHOTOOOPA3UIX, B TOM YHUCJIE W HA
MUKPOBecOBbIX. CyIIecTByer BCero ABa UCKIIOYATETbHBIX MUKPOBECOBBIX MHOI00Opas3us: /i rpynmbl Fg 910 Tak
Ha3bIBaeMas IWIOCKOCTb Kesu (Uiiu OKTOHMOHHASE IPOEKTUBHA ILUIOCKOCTD), a it E7 910 27-MepHoe MHOrooGpa3ue
OpeiigenTans. VckaounTtenbubie HAOOPHI Ha m1ockocTy Kemn 6b1mu moctpoenst Manusenem n Manusenem—®aenm
arXiv:1201.6327, BoO BTOPOM CJIy9ae UCKIIOUUTENbHBIN HAOOD JIedIIeIes, u aBTOPaM yIaJjI0Ch JOKA3aTh €ro MOJIHOTY.
EnuncTBEHHOE HCKIIOYUTEHHOE MUKPOBECOBOE MHOrO0OOpasne, MCKJYUTEIHHOrO0 HAOOpa Ha KOTOPOM IOKa EIé
HE TIOCTPOEHO, 3TO MHOroobpasume @peiieHrans — camoe HOCTEIHEE W CaMOe WHTEPECHOE U3 MCKIIYUTETHHBIX
MHUKPOBECOBBIX MHOr00Opa3uii. Cailia mbitaercs mocTpouTh Ha HEM JiedIIeneB UCKIIOYATETbHBIA HabOP.

MukpoBecoBble MHOTOOOpAa3usi, B KAKOM-TO CMBIC/IE, CAMbBIE MPOCTHIE U3 BCEX OMHOPOIHBIX MHOTOOOpa3wil, u
0OoJIbIIIas YaCTh UX reoMeTpuu Konupyercs rpadavu Xacce u Bproa. Ects oxkumanne, 9To CyIecTByeT WHIYKTUBHAS
KOHCTDPYKIIHST UCKJIIOYATEHHONO HAOOPA, KaXKIbI IMar KOTOPOH MOBBINIAET PAHT TPYIILI HA OIWH, W HAOOP HA
MuOroobpasuu PpeiiienTass HOMYyUUTCA 3a YeThIpe I1ara, HaynHad ¢ reomerpun P x P2,

[8] EBrenuit Mapiuakos, quiiomuuk 6akasaspuara matdara BITD.

Kens 3anumaercs ajreOpamveckKoili m OWpanMOHAIbHOW reoMeTpueil, a TakKe AKTHBHO pPa3BUBAIOIIEHCs
00JIaCTHIO KJIACTEPHOI reoMeTpuu (PeOMEeTPUIECKUIi OIX0/] K mogBUBIIuMCs 10 JIeT Ha3a 1, KJIacTePHBIM aarebpam).

Becroit 2015 roma 2Kens mamucas KypcoByio pabOTy MpO pa3HbIE aCMEKThI MOBEPXHOCTH Aeib llemmno crenenu
[ATh, KIACCHYECKUE U HOBbIE: PAIMOHATBHOCTD HAJ, MPOU3BOJIBHBIM TIOJIEM, KPUBbIE Ha ITOH MOBEPXHOCTH, CBA3b C
KJIACTEPHBIMU AJIredpaMu, CTPYKTYpa KJIACTEPHOrO MHOrO0Opa3us.

Ceituac 2Kens nuier JUIioMHYI0 paboTy PO HOBEPXHOCTH DHPUKBECA CTEeneHd 16 U MydKu IJI0CKUX KPHUBBIX,
moIpobHee MPOo Ty 3379y HAMUCAHO B HAYAJE OTUETA.


http://arxiv.org/abs/1201.6327

