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On Centralizers of Belavin—Drinfeld
r-Matrices
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The paper provides a structural result about centralizers of Belavin—
Drinfeld r-matrices. This result appears to be useful in computing Belavin—
Drinfeld cohomology, which was introduced earlier for classificalion of certain
Lie bialgebras and quantum groups.

Key words: Belavin—Drinfeld, quantum group, Lie bialgebra.
Mathematical Subject Classification 2020: 17B62, 17B37, 17B67, 20G10

1. Introduction

Belavin—Drinfeld cohomology was introduced in [4] and further studied in
[1,5-8,10] et. al. It was introduced and used as an instrument to classify Lie
bialgebra structures on simple Lie algebras over non-algebraically closed fields
via reduction to the algebraically closed case, where, in particular, the Belavin—
Drinfeld classification [2] is applicable. The case when the base field is the field
of formal Laurent series appears to be closely related to classification of quantum
groups, and some partial results in this direction was obtained in the above cited
papers.

Belavin—Drinfeld cohomology is defined for an r-matrix r with respect to a
certain “gauge group” G in terms of the centralizer of r in G. In particular,
the untwisted Belavin—Drinfeld cohomology is in most important cases fully con-
trolled by the structure of this centralizer.

The purpose of this note is to generalise the results on the structure of cen-
tralizers of Belavin—Drinfeld matrices obtained in [7]. In particular, this result
shed more light on the structure of Belavin—Drinfeld cohomology.

The paper is organized as follows. After making the setup and recalling
necessary definitions and results in Section 2, we present the main result on the
centralizer structure, Theorem 3.1, in Section 3. Finally, in Section 4 we provide
more details on the centralizer structure via dealing with split simple Lie algebras
case by case.

2. Notation and setting

Let IF be a field of characteristic zero. We fix an algebraic closure of F, which
will be denoted by F. The Galois group of the extension F/F will be denoted by
g.
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If K is an affine algebraic group over F, then the corresponding (non-abelian)
étale Galois cohomology will be denoted by H!(F,K) (see [9] for details). We
recall that H'(F, K) coincides with the usual non-abelian continuous cohomology
of the profinite group G acting naturally on K(F).

Let g be a split finite dimensional simple Lie algebra over F. In what follows
G will denote a split connected simple algebraic F-group with the Lie algebra g.

We fix a Killing couple (B,H) of G, whose corresponding Borel and split
Cartan subalgebras will be denoted by b and h respectively. This Killing couple
defines a root system A with a fixed set of positive roots A and the set of simple
roots I' = {ay,...,an}.

Let us recall the structure of the Belavin-Drinfeld r-matrices [2]. With respect
to (b, h), any Belavin—Drinfeld r-matrix depends on a discrete and a continuous
parameter. The discrete parameter is an admissible triple (I'y,'g, 7). Namely,
I'1,I'y C T, and 7:I'1 = I'g is an isometry such that for any o € I'; there exists
k € N satisfying 7%(a) ¢ T';. The continuous parameter is a tensor ro € h ®F b
satisfying ro + 13! = Qo and (7(a) ® 1 + 1 ® a)(r¢) = 0 for any a € T'y. Here Qg
denotes the Cartan part of the quadratic Casimir element ) € g ®r g. Then the
corresponding Belavin—Drinfeld r-matrix is

TBD = T0 + Z €a ®e_q + Z Zea/\e,ﬂc(a).

aEAL a€(SpanT')4+ k>1

where e, and e_, are parts of a fixed Chevalley system of g in the sense of [3,
Ch. VIII, §2 and §12], (SpanT) is the subset of all positive roots in the set of
roots generated by I'1, and 7 is expanded by linearity.

By a string of an admissible triple (I'1,T'g, 7) (or the corresponding r-matrix
rgp) we mean a subset of T' of the form {a, 7(a),..., 771 ()}, where a ¢ T'y and
7= (a) € T'1. The number [ is the lengths of the string. If o ¢ T'y UT then we
have a string {a} of lengths 1. Thus, I' is a disjoint union of strings.

Let rgp be a Belavin—Drinfeld r-matrix. We denote by C(G, rgp) the cen-
tralizer of rgp in G under the adjoint action. lL.e., if R is a commutative ring
extension of F then

C(G,rep)(R) ={X € G(R) : Adx(rsp) = BD}-

It was shown in [5, Theorem 1] that C(G,rpgp) is a closed subgroup of H. More-
over, by [5, Theorem 2| the centralizer C(G, rgp) can be described as follows: for
any commutative ring extension R O F and h € H(R), we have h € C(G, rgp)(R)
if and only if for any string of rgp the corresponding characters of H take the
same values on h.

We also recall the definition of untwisted Belavin—Drinfeld cohomology. Let
rgp be a Belavin-Drinfeld r-matrix. An element X € G(F) is called a Belavin—
Drinfeld cocycle associated to G and rgp if for any v € G we have X 1y(X) €
C(G,rgp)(F). Denote by Z(G,rgp) the set of all Belavin—Drinfeld cocycles
associated to G and rgp. Two cocycles X1, X9 € Z(G,rpp) are called equivalent
if there exists Q € G(F) and C € C(G,rpp)(F) such that X; = QX,C. The set
of equivalence classes of cocycles in Z(G,rgp) is called the untwisted Belavin—

Drinfeld cohomology associated to G and rpp and is denoted by H (G, D).
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3. Main result

Let @ C P be the root and weight lattices of g with respect to h. Let y(H)
be the group of (algebraic) characters of the torus H. The map A — d\, where
d is the differential at the identity, is an isomorphism of y(H) onto a lattice X
with Q C X C P.

Let ~1,...,7, be a Z-basis of X, t1,...,t, € x(H) the corresponding charac-
ters. Then the map h — (t1(h),...,ty(h)) defines an isomorphism H — (Gy,)"
of algebraic tori.

Denote by p,y, the finite multiplicative F-group of m-roots of unity.

Theorem 3.1. Write X/Q = Z/miZ x ... x Z/msZ. Let rgp be a Belavin—
Drinfeld r-matriz. Then C(G,rgp) = T x C', where T is a split torus over F
and C' is a finite F-group isomorphic to a subgroup of fim, X ... X fm, .

Proof. Since C = C(G, rpp) is a closed subgroup of H, it is of the form C =
T x C’, where T is a split torus over F and C’ is a finite commutative F-group.

Let K be the torus corresponding to ). We have a quotient map 7 : H - K
induced by the inclusion @ C X, and Ker 7w ~ iy, X ... X iy,

Let ¢1,...,q, € x(K) be the characters corresponding to the Z-basis
ai,...,ap of @, where a; are simple roots. Applying [5, Theorem 2], we see
that 7(C) C K ~ (Gy)" is defined by equations of the form ¢;, = ... = ¢;, for
any string

{ain Qi = T(ai1)7 ceey Qg = Tkil(ah)}
of the r-matrix rgp. Therefore, 7(C) ~ (Gm)”(TBD), where n(rgp) is the number
of strings of rgp. In particular, 7(C) is connected, and thus C’' C Ker 7. O

As a direct corollary, we recover the statement of [7, Proposition 6.1]:

Corollary 3.2. Let X = @, i.e. the group G 1is of adjoint type. Then
C(G,rpp) is connected for any Belavin—Drinfeld r-matriz rpp.

Remark 3.3. Write o; = Zj n;jy; with ni; € Z. Let h = (hq,..., hy) € H(R)
for a commutative ring extension R D F. According to [5, Theorem 2|, we have
h € C(G,rgp)(R) if and only if it satisfies the system of equations

1177 =11m™ (3.1)
J l

where a; € T'1 and (o) = ay.
Write C' = pi, X ... X fin,. Then
HYF,C(G,rpp)) = F*/(FX)™ x ... x FX/(F*)".

Assume F is of cohomological dimension 1. Then, by [8, Corollary 4.13] we
have H(G,rgp) = H'(F,C(G,rgp)). Le., in this case we have

H(G,rgp) =F*/(F*)™ x ... x F*/(F*)".
In particular, if F = C((¢)) then we get
H(G,T’BD) = Z/TLlZ X ... X Z/nSZ.
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4. Examples

Assume that X = P, i.e., G is simply connected. Then the fundamental
weights w1, ..., w, can be taken as a Z-basis of P, and «; = Zj a;;wj, where
a;; are the entries of the corresponding Cartan matrix.

If g is of the type A,, i.e., G = SL(n + 1), then it was shown in [4, Theorem
7] that for F = C((¢)) the number of elements in H(G,rgp) is always a divisor
of n + 1. Since in this case P/Q = Z/(n + 1)Z, the result is in total accordance
with Theorem 3.1.

Now let g be of the type B, i.e., G = Spin(2n + 1). In this case P/Q =
7./27. However, we have the following

Proposition 4.1. Let G = Spin(2n + 1). Then C(G,rgp) is connected for
any Belavin—Drinfeld r-matriz rgp.

Proof. Enumerate the simple roots in a standard way, so that «,, is a short
root. For any admissible triple (I';,I's,7), since 7 is an isometry, we see that
an € 't Uy, Write a; = h%h;l, a; = h;_llh%h;_ﬁl fori =2,....,n— 1. In this
notation the system of equations (3.1) that defines C(G, rgp) can be written as

(73 :(le, ey Qg :(Ijm,

where i1 < j1,...,tm < Jm and 2 < j; < ... < jy < n— 1. This system can be
solved rationally for hj, t1,...,hj,,+1. Thus C(G, rgp) is connected. O

If g is of the type C,, i.e., G = Sp(2n), then it was shown in [5, Theorem
4.3] that for F = C((¢)) the Belavin—Drinfeld cohomology H(G,rpgp) is always
trivial. Thus the situation in this case is similar to what we have for the B,, case.

For the type D,, the situation is more subtle. In this case P/Q = Z/4Z for
n odd, and P/Q = Z/27 x 7/2Z for n even. For n even, examples show that if
C(G, rpp) is not connected, then both C' = uy and C’' = py X ug are possible.
For n odd, no examples with C' = p4 are known; only the case C' = us has been
observed.

In the examples below the simple roots are enumerated in a standard way, so
that in particular a,,—1 and «,, are incident to a,_o.

E.g., consider n = 4. If we take I'y = {a1}, I's = {as}, 7(a1) = ag, then from
(3.1) one easily gets C’' = ug. Similarly, if I'y = {1, a3}, s = {as, a4}, (1) =
asg, T(as) = ag, then C' = py X po.

Generally, if we consider I'y = {1}, T'a = {an}, 7(n—1) = @y, then we
get C' = puo.

The complete answer in this case is yet unknown and can be a subject of
further research.

Finally, the exceptional simple Lie algebras were considered in [7, Appendix
B]. For the type Eg, we have P/Q = Z/3Z. In this case, C' = p3 indeed occurs,
and the complete list of the respective r-matrices is given in [7, Appendix B]. For
the type Er, we have P/Q = Z/2Z. However, in this case C(G,rpp) is always
connected. In all other exceptional cases we have P = @, so C(G,rpp) is also
always connected.
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IIpo nenrpasizaropu r-marpuilb BesaBina—/lpindenbaa
Eugene Karolinsky

VY crarri HABOJUTHCS CTPYKTYPHUN PE3yJIbTAT PO IEHTPAI3aTOpH 7~

marpuib benasina—pindensaa. et pe3yabTaT € KOPUCHUM JIJTsT OOUNCITE-

nHga KkoromoJtoriit Benasina—/Ipindensa, ki 6yiu BBeIeH] paHiie s Kia-
cudikarii meskux Giajaredp JIi Ta KBAaHTOBUX T'PYIIL.

Kimrogosi ciosa: Benasin—pindensa, kBanToBa rpyma, biaaredpa JIi
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