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ABSTRACT

By establishing a new Hopf algebra and the corresponding quantum double, we construct
a new universal R-matrix. Under concrete representations, it produces a family of new
solutions to the quantum Yang-Baxter equation without a parameter, in which the so-called
non-standard solution associated with the Lie algebra s/(3) is included.
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I. INTRODUCTION

Drinfeld’s quantum double theory™ provides a general method to construct solu-
tions to the quantum Yang-Baxter equation (QYBE). It tells us that given a Hopf
algebra A and its dual algebra A% one can find a unique quasi-triangular Hopf
algebra D(A) (quantum double) such that both 4 and A° become the subalgebras
of D(A) and the linear mapping A® A’ — D(A) is bijective. In this sense (identify-
ing AQ A’ with D(A) as a vector space), if {g;} and {4;} are dual bases of A4 and
A’, then the universal R-matrix

K = 2,0,Qb;€ AQA°
satisfies the universal Yang-Baxter equation
KGR 3Ky = B3 K 3R s
where Fy, = 20,061, F;; = >a,Q1Qb; and FH, = > 1Qa;Rb;.,

Up to now, the concrete realizations of the quantum double that people have
obtained mainly include the g-deformations of the universal enveloping algebras of
simple Lie (super) algebras and Kac-Moody algebras, which are called quantum
(super) algebras or quantum groups®¥. So it is natural to ask whether one can
find a new realization of the quantum double and get new solutions to QYBE from
it. The purpose of this paper is to answer this question. We first introduce a param-
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eterized Hopf algebra and establish the quantum double structure, and then construct
the corresponding universal R-matrix. Finally, from a special representation,
through the universal R-matrix we get a family of new solutions to QYBE which
include the non-standard solution associated with s/ (3) as a special case (without
central elements). Another solution in the family is the so-called colored ome. It is
completely new, for people have only obtained the colored solutions associated with
the fundamental representation of s/(2) before'”.

It is worth pointing out that although a Hopf algebra structure' has been
found for the g-boson algebra™, the corresponding universal R-matrix only gives
the standard solutions associated with s/,(2). The non-standard solutions associated
with :34,(2) can be constructed from its non-generic representations (g? = 1).

II. Hopr ALGEBRA o = o7 ,(1)
Suppose that o7 ,(1) = o7 is an associative & -algebra whose generators {X},
H;|i = 1,2} satisfy
[HISHZ] = Oa [anf’] == ZXI'.+9 [HZsX;—] = 2X2+)
[HI.SX;] =3-'X2+9 [H29Xl+] =2-X:.9 (21)
(XY =(X7)=0,
where 1 belongs to the complex number field . We define the following map-
pings:
) Al > Qo

AH; = H,®1 + I®H,, (2.2)
= F&ex .i . ex —..}.!_. . Fe
A X; XQ® P(4H,)+ P( 4H,)®X,s
2) el > F:
e(H;) = e(X!)=0,e(1) =1I; (2.3)
3) Si ot >
S(H;) = —H;, S(X[) = —e*’ X}, (2.49)

Lemma 1. (i) If A is an algebraic homomorphism, then h= *iz(2K + 1)
or g =1(q == ¢"?). Here K€Z = {0,+x1,%x2,-++},

(ii) S is an algebraic antimorphism.
Proof. (i) From the condition that A is an algebraic homomorphism and the
equation (X})* =0, we have
. L
0 = ACKPY = (AKX = (4 4 ey i
that is, e** 4+ e 2 =0 or e =1,

(ii) Using the definition one can directly verify that § is an algebra antimor-

phism.
Due to Lemma 1, in the following discussion we take A= +i(2K+1)x (K€ Z).
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Then, by some straightforward calculation we can prove

Theorem 1. _o7 is a Hopf algebra with the coproduct A, the counit € and
the antipode S defined above.

To establish the duul Hopf algebra .o of .o, we introduce the new genera-

tors

E; = Xfexp (— £ H,-), i=1,2,

which possess the following properties:

AE; — E;Q1 <+ exp (w % H;)@E;,

S(E;) = --exp(_z"- H,.) E,, (2.5)

E? =0,
From the proof of the PBW theorem concerning sl ,(n + 1)¥, we observe that

{E;’EE’E;‘H‘?‘HES"‘| risry=0,1; r;,8,,5, € Zt = {091,29' : }}

. . =k -
is a basis of .o, where E; = E\E, — ¢ ? E,E, satisfies

52 -2,
E;E, = —e? E\E;, E;E, = —e ? E,E;,
[HnEs] = [HZ,ES] = (2 + 1)53,
_h A _A -
AE, = E\®I + ¢ 1MW HQE 4 (o2 — 1) M E QF,, (2.6)

B & -2
S(E;) = e2 """ (EB,E, — ¢ "7 E\E).

IT1. ConstruCTION OF A NEw QuantUuM DousLE

Now let us set to investigate the dual Hopf algebra .e7°and construct the cor-
responding quantum double & = D( o). It follows from the general quantum
double theory that :

(1) o and _o" are subalgebras of &,
(i1) the linear mapping .o ®. a7’ — & is bijective,
(iii) Ya € o7, b€ o7°,

ba = Z (021)935{19(553)9bi3)>afz)b§z), (3'1)

isi

where for C = a or &
(A®id) + A(C) = (id®A)°A(C) = D] Cipy®Cin®@Cly,
i

and the bilinear form (,): ' QFF—> & satisfies
{a,bb,) = {Aa,b;QRb,),Ya € o b, b€ ",
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(0163,b> = (az®alsAb>svalaaz €. ,be B AN (3.2)
(1,6) = &(b),{a,1) = e(a),Va€ o b€ "
(8(a),8(8)) = (a,b),

In order to deduce the Hopf algebra structure of .o we first define the basic ele-
ments &,, &, n, and 73, of & as follows:

§:(H;) =(H;,&) =1, (i=1,2) .

E(X) =(X,E;> =0, when X is a basis element of .o other than H;, (3.3)
n(E;) =<(E;n) =1, (i = 1,2)

7,(Y) =(Y,n;) =0, when Y is a basis element of .o other than E,,

Then, from (3.2) and (3.3) by induction we can prove
Lemma 2.
(i) » =22 =0, (10 guarantee {,) to be non-degenerare)

(il) <H:‘ Sg:v> = ”lsu’a (3‘4)

-4 -
(ii1) (Epuym—e Zmm) =(Esm) =1— ¢ ki

(iv) CE3 YY) = 8,0 J] (1 — e™#%),

k=1

A S S M
(v) (EpEDEPHTHj, 7 03’ ni' §16,7)

3 2 T3
—{T s, T g, }susa IT (1= em0),
i=p '* j=1 11 k=1

(f,,?‘z = 0’19 rbslssz E Z+)o

For convenience in the subsequent discussion, we introduce
2 A
‘€f1=§1+';§29 '8?’:‘=§z+7§2.

By calculation we have

Lemma 3.

Aéi‘,;’=€fi®l+f®€?n (1 =1,2)
Ay, = 1Qm; + ,Qexp(28F;),

[<8?’1,~€i’z] =0, [@f’s,m] = - %”?ia

[éfn’h] = % Az, ['8?2,?]‘1] = — '% Any,
[Hy,n,] = —in, [Hyym] = —2n, (3.5)
[H;yn;]1 = —2n;, [EF;,E;]l= %E;, (1 =1,2)

1
[‘éf!sEzl = ""1: ARE,, ['@?’;,E;] = ':lhEl,
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['é?isHi] =0, 1,j=1,2
Ry
[E;yn;] = 5.‘:‘(928" - e 7" )

Now from Lemma 2 and Lemma 3 we can easily get two bases of & and &
dual to each other and determine the quantum double.

Theorem 2. The basis {E;1E§3EEIH'§1H§2[r”r2 =0,1; rssS;,Széz+} of o and
the basis { ’15’715’n51§f1§§*/{ 8,181 H (l —_ e‘lﬂ)}
k=1

Z° are dual to each other. The quantum double & = D(. o) is determined by
(2.1) and (3.5).

ri,r2=0,1; r; 8, S;€Z+} of

IV. UniversaL R-MATRIX

From the above new realization of quantum double and the explicit dual bases
we can write down a new universal R-matrix:

F— > EREREUHIHI@upmpmiies:

r1r2=0,l

wsvsi€zt §181 [T (1 — )
k=1 )

r: r. rl ri ra fl 2
- Z EzraEf'E: Qnznzai exp{z H,®§,-}. (4.1)

r1ar2=0,1 i=1

nezt [ (1 — e7)
k=1

Now, consider the central extension £, of the quantum double &. It is a &
[A]-algebra generated by the elements I?I,-,E,—,P,- and €; (i =1,2) that satisfy the
relations

[ﬁngi] = ZE;‘: [ﬁs‘,pi] = —-213‘,-, (i=1,2)

[A,,A,] =0, £} = F! =0,

[ﬁlyﬁz] = léz: [ﬁupz] = _lpzs

(A,,E,\] =1E,, [H,,F]=—-1F, (4.2)

1= s.et2p (2 B
25,851 = e sh (£ 8,) [/,
[é;,X]-_—'O, Xﬁ{ﬂ;,pf,é,'lf='1,2}.

Then we can prove

Lemma 4. The mapping ¢:. D> D,,:

E;— £,
(1 — Gﬂk)psexp (—;i' é.‘),
H;I_)ﬁ,'_' é,‘, (43)

&>l + &)
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is @ homomorphism.

Using the mapping ¢, from (4.1) one obtains a universal R-matrix connected
with @,:

X = Z {EE‘EE’E?®FEZF?P;‘¢"Pl:% (61"3 + Cyry + ésfs + élrl)]
rarz=0,l
f,!SpS;GOZ"'

X(1— e‘*)n+r;+=q} X [le (1 — e—u;t)-x]
x ep{£ (1= )" [ — Coo((h+ 6y — 26y

+ (A, — DH® ( (+ E)— 2l + él))]}, (4.9)

Under different representations of &, it will produce various R-matrices.

V. Quantum R-MATRIX-NON~-STANDARD SoruTioN AND COLORED SOLUTIONS

It can be directly verified that

(242 ] [0
H(ﬁl) = y! ’ H(ﬁz) = —2 )

i 0 | -(2+12)

[0 —[2], 0] 0 0 0]
IE)=1{0 0|, O(E)=1{e" 0 0],

0 0 0 0 0]

[0 0 0 ] [0 0 0]
n(é)=|(o o —[al,|, I(F)={0 0 0],

[0 0 0 | [ 0 e 0]
m(é) =ci, i=1,2, [1l, ==sk(%1)/sk(—;’-), C;eC,

Define a matrix representation II of &, For convenience, we denote II, = Il(¢, c,,=
I

(i) When C; =0 (i = 1,2), from the above representation we get the follow-
ing R-matrix.

R = N, QU (R) = exp [M} « block diag (A, 4y, 4s):

2(2—2)
0 0 ' 10— 1 :—21 0
4={0 1 :—¢, =0 — 0 |, 4&=|0 1 0},
0 0 1 0 0 i 0 0 ?
where ¢z = e%u“) - —--e.:-"’i is an arbitrary parameter. This R-matrix is exactly the
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non-standard solution obtained by means of the extended Kauffmann’s diagrammatic

technique™.

(ii) When C; = C, = C and C; = C;, = C;, we obtain a completely new solu-
an R-matrix colored by a scalar:

tion

R(C,C) = M@ () = exp [(22(;j)11)h B 2—};- 2 CC’]

« block diag(B-, ) E;, B,).

[« 4t 0 0 ud 0 t—1!
Bp=| 0 « t—z|, By=|0 —:¢! 0 ;
0 0 ! 0 0 w'd!
[ ¢ — ¢! 0
Bi=|0 4 0 s
[ 0 0 uu' "'z

3¢ ger NP
where # =e? , & = e? and the colors C and C’ distinguish between the same
dimensional representations of &J,. Obviously, the R~matrix R(C,C"), which satisfies

R (C,C )R (C,C"IR,(C',C") = Ryy(C’,C")Ry5(C,C")R(C,CT),

is a generalization of the colored R-matrices associated with s/,(2) to a higher
rank algebra case.

(iii) In the most general case, C; and C. (i=1,2) are arbitrary, so we denote
C=(,,C,), C=(C;,C;). Then we have an R-matrix colored by a vector:

R(C,C') = 1:@c(F) = exp [‘2”((22:")) Mrwer (c-o.-cm

. i‘—_—c- C’T)] X block dlag (leQI! Q.‘i):

2

(w0 0 wu, 0 t— 1!
O.=| 0 & t—¢1|, Q,={ 0 —! 0 ,

| 0 0 u ! 0 0 uy tuy !

r“z t— ! 0

. fc. , Lok )

O;=|0 & 0 |, wm=e?", u =e?’ (i=1,2),

| 0 0 uzﬂ;_lt

where ¢, is a Pauli matrix.

IV. Discussion anp CoNcLUSION

(1) In the new universal R-matrix &, although the integers that r, and r,
can take are finite, r; are allowed to take any non-negative integer, so as usual,
& is an infinite series as an abstract operator, However, because there exists a close
similarity between the structure of .o,(1) and that of the Borel subalgebra {X;,
H;|i = 1,2} of the simple Lie algebra A,, we can expect that in a finite dimen-
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sional representation of & E; and »n; (i=1,2) can be written as uppertriangular and
lowertriangular matrices, respectively. In this case, E; and 7; are also uppertriangular
and lowertriangular matrices respectively, so we have E} = = 0 for some non-
negative integer / and the formal infinite series will be cut off at some term. Con-
sequently, we can get new finite dimensional R-matrices without dealing with the
summation of an infinite series.

(2). We have shown that it is possible to construct new realizations of the
quantum double other than quantum (super) algebras and obtain new R-matrices.
The classification of the possible new quantum doubles remains to be studied fur-
ther.

We thank Prof. Ge Mo-lin for his instructions on our work, end we are
indebted to Prof. M. Jimbo of Kyoto University for his valuable suggestions and
beneficial discussion. ' '
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