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1. Annotation

Course Description

Geometric representation theory applies algebraic geometry to the problems of

representation theory. Some of the most famous problems of representation

theory were solved on this way during the last 40 years. The list includes the Langlands reciprocity for the
general linear groups over the functional fields, the Langlands-Shelstad fundamental Lemma, the proof of
the Kazhdan-Lusztig conjectures; the computation of the characters of the finite groups of Lie type. We will
study

representations of the affine Hecke algebras using the geometry of affine

Grassmannians (Satake isomorphism) and Steinberg varieties of triples

(Deligne-Langlands conjecture). This is a course for master students knowing

the basics of algebraic geometry, sheaf theory, homology and K-theory.

Course Prerequisites /

Recommendations The basic algebraic geometry, sheaf theory, homology and K-theory.

AHHOTaUuA



"eomeTpuyeckas Teopust NpeacTaBneHNn NPYMEHSET anrebpanyeckyro reoMeTputo K Teopumn
npepnctasneHnin. OgHN N3 camblX BaXKHbIX 1 FNyOOKNX 3aaay Teopun NpeactaBneHnin Obin peLleHbl Ha
3TOM MyTW B TEYEHUN MNOCIELHMX COPOKa NET. TOT CMMCOK BK/HOYaET B3aUMHOCTb JleHrnengca ons
MOJIHbIX NIMHENHbIX FPYNMN Hag hyHKLUMOHANBHBIMU NONsSMK, yHOaMeHTanbHyo nemmy JleHrnenoca-
LLlenbcTan, ookasatenscTso runote3 KaxxpgaHa-Jltoctura, BelYMCNeHNe XapakTepoB KOHEYHbIX Fpynmn
nmesckoro Tuna. Mbl 6ygem nsyyatb npencrasneHns adpdurHHbIX anrebp Nekke, NCNonb3yst FreoMeTpUto
appuHHbIX MpaccmaHHnaHoB (M3omopdunam Cartake) u MHoroobpasui Tpoek CtenHbepra (rmnotesa
HenvHa-NleHrneHaca). 3To Kypc Ans MarMcTpaHToB W acnnpaHToB, BNaderoLwmnx OCHOBaMI
anrebpanyeckom reoMmeTpumn, Teopun Ny4YKoB, romonorni n K-teopmmn. B npouecce 0CBOEHUS 3TOro Kypca
cnywaTtenun y3HatoT 06 M3BPaLLEHHbIX MyYKa 1 OBNAZAEOT NOHATUEM rMNepOONNYECKNX CIIOEB.
MpocnylwaBLune Kypc CTyAeHTbl 6yayT yMeTb BblYUCNATb 6/IM3KME 1 McHe3atoLWwme UKIbI.

2. Structure and Content

Course Academic Level Master-level course suitable for PhD students

Number of ECTS credits 6

Lectures Seminars Labs
Topic Summary of Topic (# of (# of (# of
hours) hours) hours)

Affine Schubert varieties of finite and infinite codimension, 10 5
Grassmannians. | semiinfinite orbits.
Hyperbolic Dimension estimates for the intersection of semiinfinite and 10 5

stalks. G(O)-orbits. Exactness of the hyperbolic stalks.

. Exactness of convolution. Convolution vs. fusion.
Convolution. . ) 10 5
Commutativity constraint.

Eaz;t(ija_n— Demazure operators in the equivariant K-theory of the
GLiJ:zbSrg Steinberg triple variety. Relation of Borel-Moore homology |10 5

. and Ext-algebra for semismall resolutions.
construction.

3. Assignments



Assignment Type Assignment Summary
Problem Set Problems on the intersection cohomology sheaves on affine Grassmannian.
Problem Set Problems on the nearby and vanishing cycles.
Problem Set Problems on the Hall algebra and the spherical affine Hecke algebra.

4. Grading

Type of Assessment

Grade Structure

Grading Scale
A:

B:

Attendance Requirements

Graded

Activity Type
Homework Assignments

Final Exam

80

70

60

50

40

30

Optional

5. Basic Information

Maximum Number of Students

Overall:

Per Group (for seminars and labs):

Activity weight, %
67
33

Maximum Number of Students
10
10



Course Stream Science, Technology and Engineering (STE)

Course Term (in context of Term 1
Academic Year) Term 2

Students of Which Programs do You Recommend to Consider this Course as an Elective?

Masters Programs PhD Programs

Mathematics and Mechanics

Mathematical and Theoretical Physics .
Physics

Math

Course Tags Physics

6. Textbooks and Internet Resources

ISBN-13 (or ISBN-

Required Textbooks 10)
Representation theoryand complex geometry.Chriss N., Ginzburg V., Birkhauser, 9780817649371
Boston, 2010.
Recommended Textbooks ISBN-13 (or ISBN-10)

Macdonald I.G., Symmetric functions and Hall algebras, Clarendon Press, 2015. 9780198739128

7. Facilities

8. Learning Outcomes

Knowledge

Geometry of the affine Grassmannians.



Skill

Working knowledge of computations with intersection conomology sheaves.

Experience

Experience of working with the Hall algebra and spherical affine Hecke algebras.

9. Assessment Criteria

Input or Upload Example(s) of Assigment 1:

Select Assignment 1 Type

Input Example(s) of
Assignment 1 (preferable)

Assessment Criteria for
Assignment 1

Problem Set

1. Prove that the IC sheaves with complex coefficients of the G(O)-orbit
closures in the affine Grassmannian of GL(2) are constant.

2. Find the IC stalks with coefficients in the algebraic closure of a finite
field of characteristic p of the G(O)-orbit closures in the affine
Grassmannian of GL(2).

3. Find the IC stalks of the minimal G(O)-orbit closure in the affine
Grassmannian of a simple algebraic group G.

4. Find the hyperbolic stalks in the problem 3 above.

5. Find the usual and hyperbolic stalks of the IC sheaf of the nilpotent
cone of a simple Lie algebra g.

1. Correct proof: 10 points; incorrect proof: 0 points.

2. Correct answer for all p: 10 points; correct answer for p>2: 8 points;
correct answer for p=infty: 5 points.

3. Correct answer for all G: 10 points; correct answer for classical G: 5
points.

4. Correct answer for all G: 10 points; correct answer for classical G: 5
points.

5. Correct answer for all g: 10 points; correct answer for classical g: 5
points.

Input or Upload Example(s) of Assigment 2:

Input or Upload Example(s) of Assigment 3:

Input or Upload Example(s) of Assigment 4:

Input or Upload Example(s) of Assigment 5:



10. Additional Notes



