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Plan of this talk

@ construction of combinatorial basis of principal subspace of
standard module L(Ag) of the affine Lie algebra of type Ff)

o characters principal subspaces of affine Lie algebra of type F, E
and D
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Principal subspace

g simple Lie algebra of type X

g=g®C[t,t '@ CcaCd affine Kac-Moody Lie algebra of type X,(”

0 [x(i1), y()l = DX, Y] Ut + fo) + (X, ¥) 19100, [d, x()] = x(),
where x(j) =x®@ t forx e gandj € Z

Q ﬁ_l,_ — n_l,_ ® C[t, t_1], n-‘,— == @aeﬂ+na7 na = Cxa

V highest weight g-module with highest weight vector v

Principal subspace of V

Wy == Uity )v
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Modules of affine Lie algebra
keN

N(kNMy) - generalized Verma module

) PBW
N(kNo) = U(8) ®u@.) CVnikng) = U(E-)

0 i1 =@Dpso(s@t")®CcadCd, §- = P, o(g®1") - subalgebras
of g

0 1® Vi(ka,) = Vi - highest weight vector

@ a vertex operator algebra with a vacuum vector vy

L(kAg) - standard (integrable highest weight) §-module

@ v, - a highest weight vector of L(kAg)
@ simple vertex operator algebra
@ every level k standard g-module is L(kAg)-module
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Quasi-particles

9 «j, 1<i<|,

Xa(2) =Y Xa (M)~ = ¥ (Xoy (=)W, 2)

mez

@ X,,(m) - quasi-particle of color /, charge 1 and energy —m

oreNmeZz

Quasi-particle of color i, charge r and energy -m

Xraf(M) = > Xa, (M) Xo, (M)
my,....MEZL
my+---+mr=m

Xra;(Z) = Y (X, (=1) ' vn, X) = Zx,a, myz= """
meZ
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Character of the principal subspace

@ V = N(kNp) or V = L(kNo)

@ h =bh @ Cc @ Cd the Cartan subalgebra

0 (Wv)—ms+ras+..+na, the weight subspaces of Wy with respect to E

Character of the principal subspace

/
chWy= > dim(Wy)-mssnart.tnad™ [ [/

m,rq,...,n>0 i=1
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Motivation

@ principal subspaces were first introduced and studied by
Feigin-Stoyanovsky

@ B. Feigin and A. Stoyanovsky, Quasi-particles models for the
representations of Lie algebras and geometry of flag manifold;
arXiv:hep-th/9308079.

o if gis of type Aﬁ” we have a connection of ch W), i = 0,1 with
Rogers-Ramanujan identities

o ch W’—(/\o) = Zr>0 (qq H1>0 —g5r )1(1‘_q5i+4*), where

(9:9)r = [Ti-1(1 = d)

o ch Wi =120 Gy, = llizo a=mmyi=—av)
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Motivation
o G. Georgiev constructed combinatorial bases of principal
subspaces of L(ko/Ag + kj/\;) of Af”

@ G. Georgiev, Combinatorial constructions of modules for
infinite-dimensional Lie algebras, I. Principal subspace, J.
Pure Appl. Algebra 112 (1996), 247-286;
arXiv:hep-th/9412054.

th 1’1 Zr 1’1 )4 Jt :
@90 @ (G0

ch Wikonothn) = D

r1(1)>-~~>r1(k)20

th 1 /t) Zt 1 /t) % Zt 17 51/{
(@:a),00_y - (G:9),

2.

r,(1)>...>r,(k)>0

n
y/I7
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http://arxiv.org/abs/hep-th/9412054

Characters of principal subspaces Wi,

Characters of the principal subspace Wi,
For any untwisted affine Lie algebra g and for any integer k > 1 we have
g S P -l S s )

chWikny) = v
(ho) )y Hi:1(0),’_m_,’_(2>"'(Q),(k;) ,1} I

f1(1)2~-2f1(k1)20

,1(1)2”ér,(k,)20
where = Yoy 1 fori=1,...,1, py =%,
i

2k

<ai’ ai)

k=

and where
-2, ifi=landg= D,
, 3, ifi=1andg = Eg, E7,
5, ifi=1andg = Eg,
i—1, otherwise.
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Motivation

0 Wikng) = U(n+) v
onl=n, @t 'C[t]

Isomorphism of n$°-modules

Whkne) = U(15°)

o if gis of type Aﬁ”, then

YDy 0
% =1 + q r
[lmzo(1-¥a™) > (@ Do (G Drm”

,‘(‘)2.“24”’)2“420
m>1

e ch WN(k/\o) =

o generalization of the theorem of Euler and Cauchy:

1 _ R qmzym
(V@) 2= (@m(ya)m
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Main result

Identites from the characters of Wikn,)

For any untwisted affine Lie algebra'g we have

1 —
[Taer, (@ @)
2 wi—1 t—,
B SR LIS > S0 i

= > I

]
D55 50 [Tt T4 (@) 00 60 i1

1> M> >0

where nj = Yy i fori=1,...0, ui =15,
’ 2k
K =
" (e, ap)
and where
-2, ifi=landg= D),
s_)3 iti=landg=EE,
5, ifi—landg— Es,

i—1, otherwise,
(3 @)oo = (V1" D)oo+ (A} D)oo
(i @) = [[00 = ay"a™),

r>1

a= Z}:1 aja;, and the sum on the right hand side of goes over all descending infinite sequences of nonnegative integers with
finite support.
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Principal subspace W, of F"

0O—0=>0—0
a1 Q2 a3 G4

Og=n_ohdny
@ n,=Cx,, € Ry
0 ny = DacR Na
Wiiny) = U4 )vi € L(Ao)

Wiing) = UM, ) UMy ) U(Ma, ) U (Mg Ve

o ﬁoz,- =1y ® (C[t, t_1]
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Quasi-particle monomials

X",(1),f0¢i(mr(‘)»") T X"z,fai(mZJ)X"qu (m1 ,l')

(1)
r;
o color-type ri; 34 4 Npi="i

@ charge-type (n,m‘,-, ce n17,->; 0<nm,;<--<m

o dual-charge-type (r,.m, r,.(z), ¢

s
O P O} Z’i(p) _r
p=1

74
3
@
‘ 0

Ng N3 N2 M
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e (1)
Principal subspace W) of F,
@ VOA relations on L(Ag) (Dong-Lepowsky, Li, Meurman-Primc):

9 X20,(2) =0 = Xp0,(MV, =0, MeZ, 1<i<2
0 X30,(2) =0 = X3o,(MV, =0, MmeZ, 3<i<4
b(a4) s b(a1)V/_
X"r(1) 4a/(m,£‘)74) T Xn1,4a4(m1 4) Xn(m) e (m,1(1)y1) ©e Xy oy (m )
4 1

C)nr(1)i§...§n1,l.§17 1<i<2
i

Onr(1)l-§.._§n1’i<27 3<i<4
i

L [ | HTﬁ -1
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Difference conditions for i = 1

Xay (M 1) 1)+ Xay (M2,1) Xay (M1,1)

)

@ my 1 < —1 initial condition
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Difference conditions for i = 1

Xay (M 1) 1)+ Xay (M2,1) Xay (M1,1)

)

@ my 1 < —1 initial condition

@ Mpi11<Mp1—2,1<p< r1(1) difference two condition

Marijana Butorac Principal subspaces



Difference conditions for i = 1

Xaq (M 1) Xay (M2,1)Xay (M11)

@ my 1 < —1 initial condition

@ Mpi11<Mp1—2,1<p< r1(1) difference two condition

Relation among quasi-particles of the same color

Xo0(2) =0 =

= Y Xa(my)xa(mz) =0, > Xa(my)Xa(mz) =0

my+me=—2m my+me=—2m—1
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Difference conditions for i = 1

mp1 < —1-2(p—1), 1<p<r?

(:9)r =
= Z { number of partitions of m with at most r parts} q"”
m>0
r
(-1 -2(p- 1) ="’
p=1

@ contribution to the character:
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Difference conditions for i = 2

Xag (M0 5) +++ Xag (M 2)Xay (M 1) 1) - Xay (M21)Xa; (M4,1)

@ Mpi1o<Mpo—2,1<p< rz(” difference two condition
@ Mpo < —1+ r1(1), 1<p< ré”
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Difference conditions for i = 2

Xag (M0 5) +++ Xag (M 2)Xay (M 1) 1) - Xay (M21)Xa; (M4,1)

@ Mpi1o<Mpo—2,1<p< rz(” difference two condition
@ Mpo < —1+ r1(1), 1<p< r2(1)

Relation among quasi-particles of different colors

PO

H H =T X012 (z (1) 2) +Xap (21,2) Xy (2,1(1)71) e Xag (Z1,0)Ve

p=1qg=1

A

(1)
€ H

WL(/\O) [[21 e ZFS):?H
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Difference conditions for i = 2

mpo < —1-2(p-1)+r", 1<p<rl

@ contribution to the character:

2
r2(1) _r1(1)r2(1)

q 0
2 (@) Y

r2(1)20
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Difference conditions for i = 3

an§1),3a3(mr?(’1)’3) te Xn1,3a3(m1 ,3)Xag(mr2(1)72) e Xag(mZ,Z)XOéz(m1 72)

© Mp3 < —Np3

Marijana Butorac Principal subspaces



Difference conditions for i = 3

an§1),3a3(mr?(’1)’3) te Xn1,3a3(m1 ,3)Xag(mr2(1)72) e Xag(mZ,Z)XOéz(m1 72)

© Mp3 < —Np3

0 X34,(2) =0
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Difference conditions for i = 3

Relation among quasi-particles of different colors

r(1) ,(1)

Z,
H H(1 q7 m|n{2nq,27np,3}xa3(zrm’s) “ Xag (21 ,3)
p=1qg=1 ?

Xa2(2r2(1),2) o Xap(Z12) V1

) AN

T15ER i [z, 2]
p=

(1)
]

. 1
Mpg < —Mpg+ »_min{2ng2,Mp3}, 1<p< r
g1
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Difference conditions for i = 3

Theorem (Feigin-Stoyanovsky, Georgiev, Jerkovi¢-Primc)
For charges ny and ny such that no < ny, we have:

ar arP
_Xnga,'(z) Xn1 a,'(z) = Ap(z)x(n1+1)a;(z) + Bp(z)_x(n1+1)a,-(z)a
dzP dzP

wherep =0,1,...,2n, — 1 and Ap(2), By(z) are some formal series
with coefficients in the set of quasi-particle polynomials.
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Difference conditions for i = 3

@ express 2 monomials of the form
Xz (Mp11.3) X205 (Mp3); Xag (Mpy13 — 1) X2, (Mp3 + 1)
as a linear combination of monomials
Xoz(J2)X2a,(j1) suchthat jo < mpy13—2, ji > mp3+2and
Ji+jo=my+mp
@ for ny.4 = np one can express 2n,,1 Monomials
Xn, 105 (M2)Xnpas (M1) - With my — 20 < mp < my
express as a linear combination of monomials
an+1a3(j2)ana3(j1) such that j2 < j1 — 2/72

and monomials which contain a quasi-particle of color / and
charge np + 1.
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Difference conditions for i = 3

1
D

Mpa < —Mps —2npa(p— 1) + > min {2ng2.Mps}, 1 <p<ry”
g=1

Mpi13 < Mp3 —2Mp3, Npi13 = MNp3
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Difference conditions for i = 3

(1)

Mpa < np3—2np3(p—1)+me{2nq2,np3} 1<p<r
g=1

(1)
Mpi13 < Mp3 —2Mp3, Npi13 = MNp3

0 npz=1,for1 §p§r§2)+1
Mp3 < —1 —2(p—1)—&—r(1
0 np3=2,for1 gpgréz)

mp3 < —2—4(p— 1)+2r2(1)
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Difference conditions for i = 3

1
D

Mps < —Mpa — 2npa(p— 1) + > min {2ng2, My}, 1<p<r
q=1

)
Mpi13 < Mp3 —2Mp3, Npi13 = MNp3

onp13:1,for1§p§r§2)+1
Mps < —1—2(p—1)+rY
b3 < p=1)+r
9 npz=2,for1t <p< réz)

mp3 < —2—4(p— 1)+2r2(1)

@ contribution to the character:
qr3(1)2+r3(2)2—r2(1)(r3(1)+r3(2))

2 (@:9)0_©(3:9),0

r3(1 ) zréz) >0

POIC)
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Difference conditions for i = 4

Xn 1y aa(M 1) 4)* Xny g0q (M1 ,4) Xag (M 1) 5) ++ + Xag (M2,3)Xas (M 3)
’i),4 r, 4 rz '3

O Mpy < —Npg—2npa(p—1), 1<p< r3(1)

© Mpi14 < Mp4—2Mpa, Mpi14="pa
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Difference conditions for i = 4

Relation among quasi-particles of different colors

FURFO

IT11¢-

p=1qg=1

(1)

q3 mln{nq37np4}xa4(z (1)4) Xa4(Z1,4)

Xa3(zr?(’1)73) "+ Xag(213) VL

). mm{nqS,npA}
g N T,

Marijana Butorac
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Difference conditions for i = 4

1
A

. 1
Mpa < —Npa —2npa(p—1)+ > _min{nga,mpa}, 1<p<rf
q=1

)

Mpi14 < Mpa—2Npa, Npy14="pa
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Difference conditions for i = 4

1
A

Mpa < —Mpa—20pa(p—1)+ Y min{nga,mpa}, 1<p< s
q=1

1)
Mpi14 < Mpa—2Npa, Npi14=Npa
o npa=1,for1<p<r? 41
Mpa < —1-2(p— 1)—~—r(1

0 npg=2,for1t <p< rf)

Mpa < —2—4(p—1)+r§" +A?
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Difference conditions for i = 4

1
A

) 1
Mpa < —Npa —2npa(p—1) + me {ngs,npa}, 1<p< ri
q=1

)
Mpi14 < Mpa—2Npa, Npy14="pa

onp,4:1,for1§p§r§2)+1
Mpa < —1-2(p—1)+1r"
P4 = P )+I'3
0 npg=2,for1t <p< rf)

Mpa < —2—4(p—1)+r8"+r?

@ contribution to the character:

(2)

(12 (22, (1)) _ (2,2
4, rg =,
q’ 4 34 30 rﬁ” A

2 (@:9),00_(q:9),0 Y

r‘gan‘gz) >0
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Principal subspaces of Ff)

Basis for the principal subspace Wy
U {b=bas)-blar)v

n <.<ny;
,/_(1)11._ <ny

= angw)#‘a/(mrg‘u) S Xng goy (M) - Xn,‘(1)y1a1(m,1(‘)71) e Xng oy (M1 1)V

(1)
mp; < np,—o—zq_1 min{kingi_1,np;} —2(p— 1)npj,1 <p<r;
1
My < Mpj—2np ifNpyqj=npj, 1<p< "i( )1

1<i<?2
3<i<4

s2 0700 2
=11

q== 1R n
ch W, = B S — -
L) = D (@rv(a) |§8%

"2

0 =

7">0

« Z qZ?:s Zi:w "f( > = ’:g)’r ("(‘ i Hyim’
,§1)>r§2)>0 Hi:a(Q),’_(‘L,’_Q) e (q),’_(?k) i=3
rf,”;rjz)}o
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Basis of principal subspace Wi, of Ff

Basis for the principal subspace Wy
U {b=bas)-blar)v

n <.<ny;
,/_(1)11._ <ny

= angw)#‘a/(mrg‘u) S Xng goy (M) - Xn,‘(1)y1a1(m,1(‘)71) e Xng oy (M1 1)V

(1)
mp; < np,—o—zq_1 min{kingi_1,np;} —2(p— 1)npj,1 <p<r;
1
My < Mpj—2np ifNpyqj=npj, 1<p< "i( )1

°n(|)l§. _n1’,‘Sk,1<I‘§2
(e
[+] nr(|)i§.. < 1’,‘§2k7 3<i<4
(A
2 k (1)27 k0,0 2
qZH il =110 o
ch Wy kpy) = Z Hyi’
N H: 1@, 0_@ - (@),m i

r(‘)> >r§ )>0

2 (t) (2t-1) | (2t
qZ?:32?51 0 p 1’3 r4 - )(’é )+’§ ) 4 n{

- TTa(@) 0o~ (@)e0 [
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Basis of principal subspace Whka,) of Ff)

Basis for the principal subspace Wy

U {b=b(as)--blar)v

n <..<ng;
ri(1)’i_ =[] ]

= an(1) 4a/(mr§1)’4) T Xn1,4a4(m1,4) T an(1) ey (m,1(‘)’1) w Xng qay (m1)v:
4 > 1
"2 min {k 2(p— N1 <p <, |
Mpi < —Npj+ Zq:1 mm{ inq,i—17np,i} —2(p—1)npi,1 <p<r’,
. 1
Mps1,i S Mpj =2 if Ny =My 1< p<rf” —1

v

onr(1).§...§n17,-,1§i§2
i

W

5] ”,(U,-S---S”Li, 3<i<4
i
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Character of Wia,)

1 J—
[Tocr. (@ @)
12 t) (¢
quz:1 PO ri() =1 ’1( )rz() 2
2
M@0 5

nj

Yi

r1(1)>r1(2)>~-~20
r2(1)>r2(2)>~-->o

2 2t—1 2t
qZ?:s 21 ’,'(t) i1 rét)’it)_Zry rz(t)(’e(, ‘ )'HeE ) 4 n
1
7 l l Yi
[Tizs(@),0 @ i=3
1 1

VoWV
o O
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Proof of linear independence

@ Sketch for the level k = 1:

> Cabava, =0
a
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Proof of linear independence

@ Sketch for the level k = 1:

ba

> cabava, =0
a

‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ 0
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Proof of linear independence

@ Sketch for the level k = 1:

Z CabaVp, = 0
a

ba _

o Idea:

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | 0
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Proof of linear independence

@ Sketch for the level k = 1:

ba

> cabava, =0
a

o Idea:

‘ ‘ ‘ ‘ ‘ ‘ | 0

o bjvp, are elements of principal subspace of level 1 standard Cé”-module with a highest weight Ay.

Marijana Butorac
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Proof of linear independence

In the proof of linear independence we employ

@ operator Ay
Ay = Res,z ! xy(2) = x9(—1)

o [Ag, Xxa(m)] =0
[*] AgV/\0 = X@(—1)V/\O

Ap  CabaVn, =Y CabaXs(—1)Va, =0
a a
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Proof of linear independence
In the proof of linear independence of we employ

o the “Weyl group translation” operators gy and e,,
€n = exp X_o(1)exp (—Xa(—1)) exp x_o(1)
exp Xo(0)exp (—x—a(0)) exp Xa(0), a =10,

0 €,Va, = —Xo(—1)Va,, for a -long root
o Xs(j)ea = ean(jJrﬂ(av)),
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Proof of linear independence
In the proof of linear independence of we employ

o the “Weyl group translation” operators gy and e,,
€n = exp X_o(1)exp (—Xa(—1)) exp x_o(1)

exp Xo(0)exp (—x—a(0)) exp Xa(0), a =10,

0 €,Va, = —Xo(—1)Va,, for a -long root
o Xs(j)ea = eaXQ(jJrﬂ(av)),

Z Caban)( V/\O Z Cabaeg V/\0 - 69 Z Cab V/\O — O
a
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Proof of linear independence
In the proof of linear independence of we employ

o the “Weyl group translation” operators gy and e,,
€n = exp X_o(1)exp (—Xa(—1)) exp x_o(1)

exp Xo(0)exp (—x—a(0)) exp Xa(0), a =10,

0 €,Va, = —Xo(—1)Va,, for a -long root
o Xs(j)ea = eaXQ(jJrﬂ(av)),

Z Cabaxg( V/\O Z Cabaeg V/\0 - 69 Z Cab V/\O — O
a

o repeat until >, cabyxa(—1)va, =0

D CablpXa(—1)Va, = Z Cab8aVa, = Y _ Cablzvp, =0
a a
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Basis of the principal subspace Wik,

In the proof of linear independence in the case of Wy xa,) we use:
Q fk’ : WN(k’/\o) — WL(k’/\o)

fir (X k’+1)a( ))=0, i=1.2

fk(X(zk/+1)a2(z)) = 07 = 374
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.. . 1
Principal subspaces in the case of Eé”, E§” and Eé )
o g - of type Eé”, E§1) and Eé”
@ L(No), L(A1), L(As) the standard g - modules of level 1 in the case
(1)
of Eg
@ L(Ag), L(A1) the standard g - modules of level 1 in the case of E§1)
@ L(Ao) the standard g - modules of level 1 in the case of Eé”
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Principal subspaces in the case of E6(1), E§” and Eé”
o g - of type Eé”, E§1) and Eé”
@ L(No), L(A1), L(As) the standard g - modules of level 1 in the case
of £V
L(Ag), L(A1) the standard g - modules of level 1 in the case of E§1)

©

L(Ag) the standard g - modules of level 1 in the case of Eé”

©

oletk>1

o set
N = koMo + kj/\j

k = kg + kg

o L(Ax) the level k standard g - module
@ v, highest weight vector
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Principal subspaces in the case of Eé”, Eé” and Eé”

@ principal subspaces are

WA = UG )va,

o W(AK) © WA)®H @ W(ho)™o C LIN)®H @ L(Ag)™o

Q V/\k:V/\j®V/\/.®"'®V/\j®V/\0®V/\0®"'®V/\O

kj—factors ko—factors

Marijana Butorac Principal subspaces



Principal subspaces in the case of Eé”
o gis of type Eg

an

O—0—0—0—0
Q1 Qap a3 Q4 Qs

Basis for the principal subspace W),

U  {b=b(ar) - b(as)v

n <..<m;
ri(1)’i7 =M

= an(1) neli (m,1(1),1) © Xng gy (m1’1 ) an(u GO‘S(mre(”,G) T Xn1,eae(m1,6)v :
il 6

g 1
Mpi1i < Mpj— 2np,i ’fnp+1,i = Np,j, 1<p< I”-( ) 1

(1)
N ] Np,i (1)
Mp; < —Npj+ X g_q min{ng i, npi} —2(p—N)np; — 322 01 <p <1, } :

where ' = 4,6 ifi=3 andi’ =i+1ifi=1,24, and

fo, i 1<t<h,
B2 f<t<ktk
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Principal subspaces in the case of E§1)
o gis of type E7

OO(7

O—0—0—0—0—0
[e%] ap ag (o7} as Qg

Basis for the principal subspace Wy

U {b = b(az)b(az)b(az)b(as)b(as)b(ce)b(at)v

"(11(1)YI.S~-S'71,:'
= Xn ) 7a7(m,§1)77) o Xny oz (M7) - “Xn 1) o (m,1(1),1) c Xpyqaq (M g)V e
7 A%

)
i s o)
Mpi < —Mpjj+ 34y min{ngi, Np,i} —2(p — 121’;;7,/ X b tspsn U
Mpy1,i < Mpj—2Npj ifNpiqj=npjy 1<p<r” —1

where ' =1,3ifi=2,i"=i+1ifi=3,4,5,andi’" =5ifi =7 and

fo, i 1<t<k,
P2V F<t<kotk.
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Principal subspaces in the case of Eé”
o gis of type Eg

Oa8

O—0—0—0—0—0—0
Qi op a3 o4 a5 a7

Basis for the principal subspace W,

U {b = blas)b(as)b(as)b(as)b(as)b(az)b(a7)blas)v

Ny <..<mj
ni

= Xn,g)ysaa(mréﬂ’g) T Xn1,80<s(m1 8) Xn,1(1)y1a1 (m,-1(‘)’1) w X oy (ma)v:

)
W i (1)
Mpj < —Npjj+ > gy Min{ng,r, Mpj} —2(p — 121r;p,/,1 spsr’ L
Mpi1,i < Mpj—2Np; ifNpyqi=np;, 1<p<r” —1

where i’ = 5,7 ifi =6,/ =i —1ifi =2,3,4,5, and i' = 5,7 if i = 8.
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Principal subspaces in the case of D,(”

@ gis of type D,

Basis for the principal subspace Wy
U {b=b(a)- blar)v

nff(1))[§w§”1,/‘
= Xn’m 8a8(mra(1)78) o 'Xﬂ1,3aa(m1 ,8) o 'Xﬂ’(1) ey (m,-‘“)ﬂ) © Xng oy (m1,1 )V :
8 1
oo olp 1 T s 1)
Mpi < =Npj+ 324y min{ng, npi} —2(p - 23’” -t <p<n U
Mpy1i < Mpj—20p;ifNpq;i=np;, 1<p<rp’ —1

where ' =1—2ifi= 1, i =i—1 otherwise and

wherej=0,1,1—1,/.
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Characters of W,

Theorem

Setn; = r,.(1) + -+ r,.(k) fori=1,...,1. For any rectangular weight

N = koo + kil\; of level k = ko + k; we have

1)2 1) (t t
q2§:1 T ri( sl Tk, ”,-(/)r/( 5l T, ri( )‘Sijt /
chWipy = > SRC Y Z
rz..2rM>0 i=1\4/,(0)_ ) I i=1
A5 5050
W
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Further directions

o extend these approach to principal subspaces of affine Lie
algebra of type Ff) (B,(1), C,(1) and GS)) this is ongoing program
with S. Kozi¢ and M. Primc

@ L(Ag), L(A4) the standard g - modules of level 1 in the case of Ff)

oletk>1
Q set
Ak:kOA0+l(jAj
k = ko + kg

@ L(Ax) the level k standard g - module
@ v, highest weight vector

o principal subspaces are
W(Ak) = Umy)va,
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Further directions
@ we expect:

For any rectangular weight A = ko/Ag + k;i/\; of level k = ko + k; for Ff) we have

2
gE S sk A0 2

[124(q )(1) @ (q) <k>,11

ch WL(kAU) = Z

rf”}-»;q(k);o
>z 2iP>0

_ K
qz P (t) - r(t)ry)—zf:1 ’2“)(r:§2t 1)+’3(2l))+zti1 1204,
1is(q )<1> @ () 0 s
1 1

FON T
> 2rF>0
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Thank you!

Marijana Butorac Principal subspaces



	Principal subspace
	Principal subspaces of F4(1)
	Combinatorial bases of principal subspaces in the case of E6(1), E7(1) and E8(1)

