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Abstract

S.M.Sergeev. Spectral decompositions of R matrices for exceptional Lie algebras:
IHEP Preprint 90-163. — Protvine, 1990. -— p. 7, refs.: 5.

In this paper we present spectral decompositions of R matrices for vector repre-
sentat ons of exceptional Lie algebras.
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1.Introduction.

Quantum group structures are playing an important role in many
branches of mathematical physics. They have been a key to understand
the intimate relations among the resent developments in conformal field
theories, operator algebras, link invariants and exactly solvable models.

Historically quantum group appears in the quantum inverse problem
as a specific structure of L operator, obeying

Ria(z/y)L1(z)L2(y) = La(y) L1 (z) Riz(z/y) (1.1)

for the given intertvining operator R (six-vertex R matrix). Here R itself
was found from the Young-Baxter equation that is the associativity condi-
tion {Jacoby identity) for (1.1)

Riz2(z/y)R13(z)Ra3(y) = Res(y) Ras(z) Raa(z/y) (1.2)

Under some simplifications of L operator (with a loss of generality)
quantum deformation appears to have a simple form. So it is convinient
to solve the linear problem of type (1.1) instead of cubic relation (1.2) in
order to find R matrix, associated with the given Lie algebra.

Now R matrices for several representat‘ons for A,, B,,,C,, D, and G,
algebras have been build [1,2,3]. The aim of our paper is to complete the
list of known spectral decompositions by exceptional fundamental ones.

The well known constructions for the quantum group and R matrix
are described in section 2. In section 3 we describe briefly the exceptional
algebras of type E,, and Fy and present spectral decomposition for their R
matrices.



2.Quantum group and R matrix.

Let G(1) be an affine Lie algebra and G be its classical part with a
Cartan subalgebra H; {a} = II; be fundamental system of G(*), and, cor-
respondingly, {H,} be set of co-roots, so that A,s = a(Hg) be Cartan
matrix. It is convinient to choose H* = H so that a(H) = (o, H), where
(.,.) being the Killing form. Also let 7(A) mean irreducible representation
of G with higest weight A. Chevalley basis of G(1) is given by

eg = tFy, .f0=t—1E0, ea =FEa, fa=Fq
We adopt the convention so that |long root|? = 2. Let

(o) _ 1
(asya,)’ "~ (ou, ) (21)

m{a) =

a, -short root. Then quantum group Uq(g(l)) can be described by defor-
mation of Chevalley basis:

[HE,) = a(H)E,
[HF,] = —a(H)F, (2.2)
[EoFp] = 6 [m(c)Ha)

 mla)]

where «, 3 belong to the fundamental system of roots. Hereafter we adopt
the conventional notation:

_ qu _ q-~u
[u] = = (2.3)

Formally one can introduce the co-multiplication of the following form:
DNg(Hy)=Ha®1+1® H,
Dy(Ba) = Ea®q ™ +q"* @ Ea

Dy(Fa)=Fa®q¢ ™ +9™ @ F, (2.4)
DY (Ep) =t,Eo®q™ ™ +1,4™* @ Ey
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A (Fo)=t'Fo®@q ™ +1;'q"* @ Fp

Here u,v stand for higest weights of corresponding irreducible representa-
tions and the ratio z% = ¢, /t, is the spectral parameter.

The first part of (2.4) is a Hopf algebra homomorphism, that allows
one to build theory of representations.

The most essential problem is to build the affine generators for irre-
ducible representations of quantum groups, where Ey, and F3 do not co-
incide. It is easy to show that for adjoint representations of all algebras
(except A,) Eo and Fg do not exist, and irreducible adjoint representation
of deformed affine algebra is equivalent to direct sum of adjoint and trivial
represeutations of deformed semisimple algebra. Investigations for every
semisimple algebra show that affine generators for fundamental representa-
tion p exist iff (u,6) = 1.

The Yang-Baxter equation is the associativity condition for the linear
equations '

R,y (z) LAY (Ba) = Af;lq(Ea)Ruu (2) (2.5)

2 =t,/t,; a€{ll}

An obvious solution for (2.5) reads
Ru(z) =Y (=)+ =22 gy (x) Py
)

where r(A) € r(u) ® r(v) (2.6)

P, = Z < v, My, mu| A, ma S1e< A, maly, nyspny >
™my

Here |A\,my >, and |A\,my >;/, are the vectors of 7(}), constructed
with a help of Ay (G) and A;/,(G) comultiplications.

Functions p,(z) are to be found by treating equation (2.5) for the affine
generator. Namely, let |w; >, and 1/, < w;| are some vectors of r(w;),
and r{w;)1/,. Taking the matrix element of (2.5) between two appropriate
vectors of such type one obtains

P _ __a< wa| Aq (Bo)lwr >4 (2.7)
Pus  1/q <wa2| D1yq (Eo)lwr >/’
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where numerator and denominator of (2.7) are implied to be nonzero.
In case of exceptional algebras Fy and Fy don’t depend on q, so rela-
tions (2.7) are of the form, providing the unitarity:

Pui _ TGP —2TgTRY

= 2.8
pu;  TTIGPH —mqTRY (28)

and the set of {p;;} determines all the functions p, uniquely.

We have found all these sets by direct calculations of quantum Clebsh-
Gordon coefficients for every case involved with the help of analytical cal-
culation system.

Note, that in all cases constant R matrices agree with Reshetikhin’s
formula [5]:

Pi ~ (_)(u+v-—z\,p )qm(A,A+2p) (2.9)
where p} are the asymptotic values of p)(z) under z — +o0, and

p=%za, p'=%ZHa.

a>0 a>0



3.Exceptional Lie algebras.

In this part we follow notations of [4]. v(u) means an irreducible rep-
resentation of weight u. Representations r(x) such that (u,8) = 1 we shall
call as vector representations. We use notation ¢;,7 = 1...n for R™ or-
thonormal basis. Also we use a spectral parameter u instead of z = g*.

3.1 The F; algebra.
We choose the fundamental system of roots of the form

Q) =€ —€3, Q3 =¢€3— €, O3 =E,,

1
ay = -2-(51 — €3 — €3 — €4)

Decomposition of the tensor product the for vector representation is

T(wy) @ r(wy) =1(0) B r(ws) & r(w1) B r(ws) & r(2wy)

and a corresponding spectral decomposition for the fundamental R matrix

po = [1 + u][4 — u][6 + u][9 — u]
s = [1 = u][4 +][6 = u][9+ ]
Pu, = [1 + u][4 — u]{6 + u}[9 + u] (3.1)
puy = [1 - ul[4+ u][6 + u][9 + u]
prus = [1+ ull4+ (6 + 9 + ]
3.2 The Ej algebra.

The fundamental root system is of the form

1 1
ay = '2-(€1+€s)—§(€2 +e3+¢e4+€5+66+67)

ay =€1+6€3, 3 =€E3—€, a4 =E3— &
Qs = €4 — €3, Qg =E5 — €4

For the vector representation:



(w1) @ r(wq) = r(ws) & T(ws) D r(2w1)

Puwg = [1 - u][4 - ’U.]
Py = [1 - u][4 + u] (3.2)
P2uw;, = []. + ’U.][4 + ’U.]

For the product of condjugated representations we have:

T(w1) @ r(we) = 7(w1 + we) & T(wz) & 7(0)

purrue = [3+u][6 + 1]
Pus = [3 - u][6 + 1] (3.3)
po = [3-ull6 - u]
3.3 The E; algebra.
The fundamental root system is

1 1
o = 5(61 +€3)—-2'(€2+€3+€4+E5+€6+€7)

ap =€+ €2, Q3 =€z —€, Q4 =E3— &
g = €4 — €3, Qg =¢Eg—€4, Q7 =Eg—E€5

For the vector representation we have:

r(wr) @ r(wr) = r(0) ® r(we) & r(w1) D r(2wr)

po =1 —u][5 — u][9 - u]
Puw, = [1 — u][5 — u){9 + u] (3.4)
pus = (1~ ][5 + u][9 + v]

2wy = [1 +u[5 + u][9+ 4]

3.4 The Ej algebra.
There are no vector representation, so the R matrix in standart diag-

onal form does not exist.
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