Beckoneunomepubie ajaredbpst Jlu u BepTekc-omepaTopHbie
aarebpbl

Sagaun 1

1. Pacemorpum npencrasiennn ajaredbpsl Burra B mpocTpaHcTBe ¢ 6asmcom
v, k € Z:

Ly(vg) = (k—a—p(n+1))vg_p.
Bamnmcas jgeiicrsue L, dyepe3 MaTpUIHbIe eIMHAIL F; j, BEIYUC/INTE 3HAYEeHIe
SATIOHCKOT'O KOIMKJIa Ha napax Ly, Ly,.

2. Tlonb3ysich npeiplIymieii 3ajgadeil n jeiicrBueM aareGpbl G, HOCTPOIi-
Te jeficTBue aysrebpnl Bupacopo Ha mpocTpaHCcTBe F(m) Haiinre cTapIruit
BeC 9TOr0 IpeJCTaBJIeHHsI, T.e. COOCTBEHHBIE YHC/Ia OIEPaTOpoB ¢ u Lo Ha
BaKyyMHOM BEKTOpE |m).

3. Paccmorpum dokosekumii Moy B, Han anrebpoit Ieiizentepra (i meit-

CTBYeT yMHOXEHHeM Ha 1, ag jeificrByre ymHOXKeHumeM Ha ). Oupeesnnm
nefictBue onepatopoB L, dpopmynamu

Lo= (B +X)/2+ ) a_jaj,
§>0
1 .
L, = 3 Za,ja]qrn + iAnay, n # 0.
JEZ.
Joxazkure, aTo oneparopsl L, obpasyior aaredbpy Bupacopo n maiiaure co-
OTBETCTBYIOIUI IIEHTPAJIbHBINA 3apsAl.

4. Jloxaxxure Ilpemmoxkenue 3.7 u3 kuuru Kac, Raina. Bombay lectures on
Highest-weight representations of infinite-dimensional Lie algebras.

5. Hokaxxure, 94To J1060€ OIHOMEPHOE EHTPAJIHLHOE PACIIUPEHUE IIPOCTOI
anrebpsl JIu TpuBHaIbHO (MOXKHO OPPAHUIUTHCS CJydaeM Sl ).



Infinite dimensional Lie algebras and vertex operator algebras

Problems 1

1. Consider a representation of the Witt algebra with a basis v, k € Z:
Ln(ve) = (k —a = B(n+1))vk—p.

Express the action of the operators L, in terms of the matrix units F; ; and

compute the value of the japanese cocycle on the pairs Ly, Ly,.

2. Using the previous problem, construct the structure of the module of the
Virasoro algebra on the space F(™ via the Gs action on F(™. Find the
highest weight of this representation, i.e. the eigenvalues of the operators c
and Lo on the vacuum vector |m).

3. Let B, be the Fock module of the Heisenberg algebra (% acts as the identity
operator and ag acts via multiplication by p). Consider the operators L,:

Lo=(1*+))/2+ > a_jaj,
§>0
1 .
L, = 3 Z A—jQjtpn + iANG,, 1 # 0.
JEZ
Prove that the operators L,, satisfy the Virasoro algebra relations and find
the central charge.

4. Prove Proposition 3.7 from the book Kac, Raina. Bombay lectures on
Highest-weight representations of infinite-dimensional Lie algebras.

5. Prove that any one-dimensional central extension of a simple Lie algebra
is trivial (the sl,, would suffice).



