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In thisLettera seriesof newsolutionsfor thequantumYang—Baxterequationisobtainedby constructinga newbosonrealiza-
tion of1W-dependentrepresentationsofthequantumalgebraUqsl(

3) with q arootof unity.

At present,it hasbeenrecognizedthat the solutionsfor the quantumYang—Baxterequation(QYBE) can
beconstructedin termsof the quantum(universalenveloping)algebraU~(L)of the classicalLie algebraL
andits representations[1—3].Especially,wefound that thenewsolutions,beyondthestandardandnon-stan-
dardones,for the QYBE without a spectralparameter,can be obtainedfrom the non-genericrepresentations
(for q a root of unity, i.e., qP= 1, p = 3, 4, ...) of U~sl(2) [4—6].Both theresultsobtainedandthe methodused
by us are essentiallydifferent from thoseobtainedby Date,Jimbo,Miki andMiwa [7].

Naturally, it is reasonabletryingto find the newsolutionsfor the QYBE associatedwith otherquantumal-
gebrasor a superalgebrasuchasUqSl(3). We havedoneit for thequantumsuperalgebraUqOSP(1,2) [8]. This
paperwill be devotedto studyingthe caseof Uqsl(3). To this end, we first generalizetheuniversalR-matrix
of Uqsl(3) [9] in sucha waythat it still worksfor thenon-genericcase,in which q isa root of unity, i.e.,q”= 1,
p=3

To makethis generalization,we addthe new relations

(E,)”=(F,)”=O, i=l,2, (1)

to the basicq-commutationrelations

[H,.E,.]=2E,, [H,,F,]=—2F,,

[H,, E
1] = —E,, [H1,F~]=F1, i#j,

[E. F] —ö•e~
2sh(~hH,) i— 1 2 (2)

— ‘~ sh(~h)‘ — ‘ ‘

with heC (thecomplexnumberfield), q=eh~2andtheSerrerelationsfor UqSl(3).Here,F, E, andH, (i= 1,
2) are the generatorsfor Uq5l (3). For the third kind of basiselements,

E
3=E1E2—qE2E1, F3=F1F2—qF2F1, (3)

we also require

(E3)”=(F3)~_—O. (4)
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The generalizedalgebraU,,sl(3) by addingrelations (I) and (4) is calledthe non-genericquantumalgebra
anddenotedby UqSI(3).

EndowingUqSl(3) with the samecoproduct.counit and antipodeas for U,,sl(3), we obtain a Hopfalgebra
U,,sl(3). After a long derivationsimilar to that by Rossoin ref. [p1. we obtain the non-genericuniversal1?-
matrix for q”= I.

~ ( (1 —e’)’(l—e-’)’( l—~’~_j j I ®~ ‘,j~ ~ ) e’ ~ ii ®~

where

ø,,(e”)= fl (l—e~”). ij,=(l—c~’)F,. i=l, 2, (0)

~ =~(4H~+2/1~). ~=~(2Ii,+4II2).

Now, we try to constructa representationf) for CJqSI(3). which is also a representationof LJ45l(3). but sal-

isfies (p(E,) )“= (p(F,) )“=O. namely,p(E,) andp( F,) arenilpotent. It is just at this point that ourstudy is
essentiallydifferent from that madeby Dateet al., in whichp(E,) andp(F,) arenot nilpotentandthecyclic
representationis used.To constructsuch representations.we use thenew q-bosonrealization,

E~=a~ , F~= —e”
2[N~+N, +,~]a,. — [N~ +N~+Aja~ F~=a~c’ -~

II=2N+N
2+2, H2=—(2N~+N+)~). (8)

where the q-bosonoperatorsa,=aI, a~and N, (1=1, 2) satisfy [10—121

a,a7—q~ô,,a7a, =~,,q . [N,, a,’ ] ±O,,a, . [N,, N,] =0 , [a, . a,’ ] =0 . (9)

In fact, using eq. (3). we can verify that F,. F, andH, (/=1. 2) definedby (8) satisfy eq. (2) andtheSerre
relations.

On the q-Fock space.~(2).

~f(in,. ~ 0> a,J0>=N, 0>=0, i=l. 2: ,iie~~=~0.1.2.

we obtain an infinite-dimensionalrepresentation1:

E~f(,n~.tn2)=f’(rn~+ I. im) . ~ in~)=—e”~[in, — I +in~+A~[in~]Rin, —1. fl12)

L21(rn, ,n2)= — [#n~+m~— I +A] [m2]f(iii,. in~—1). I’~t(in,.,n~)=e”
2f(,n,.im+ I).

H R’n,. ,n~) = (2m, +,n2 +A)f(m,. in~), LFf(m,. ,n~) = — (2m~+,n~+,k)f( in~.in~). (10)

Becauseq”=±1 leadsto [kp]”=O,where [tJ=(q’—q’)/(q—q ‘).thereexistsaninvariantsubspaceV(a~,a~)
(at. a~E~),

span{f(,n~. iii,)~ ,~a,p./=1.2: ~

andthe representation(10) is reducible.Naturally, on thecorrespondingquotientspace~(2)/V(a,. a-).

span{f(m,, rn
2)=f(in~.m2) mod V(a,. a2)I0~in,~a,p— 1,/=1,2; ~

we get an a1ct-,p
2-dimensionalrepresentationp1””~.

p1”-”~(g)f(m

1, en7)=(p(g)f(,n,,n~))mod V(a,. a2). gc{E,. f~,H, /= I, 2~. (11)

for U,,sI(3). In fact, eqs. (10) and (11) only definethe representationfor U,,sl(3) whena, or a2� I. Because

(p(E,))”= (p(F,))”=O when a, =a~= I. eq. (11) definesa representationp=pH1 I for lJqSl(
3) in this case.
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Whenq2= —1, asanexample,the lowestdimensionalrepresentationp=pWof Uqsl(3) is given in an explicit
form,

p(E
1) ~2, +�43, p(F, ) = _e~~

2( ~ + [~~+1 ]f
3,4),

p(E2)= — [~]f~3 — [)~+ 1 ]f24 , p(F2)=e’°’
2(f

3,+f42)

p(H~)=diag(~.,A+2,)~+1, ,~+3), p(H2)=diag(t,A+ 1, A+2,A+3), (12)

where f,-1 ~5 the unit matrix suchthat (f0)t’=ô,,,4-e.
Using the representationp

1-”l of Uqsl(3), we immediatelyobtain the quantumR-matrix

R1=p1®p1-1~(3fl_—blockdiag(A
1,A2,A3,A4,A’1,A’2,A’3)exp(~h)~

2), (13)

where

A
1=l, A’1=—t

4, 1=q4,

(t 0”\ , ( —qt3 0
A

2= \~l_t2 t)’ A2= ~_t2( 1 +t~) —qt
3

/1 0 1_t2\ /—qt3 0 —t2(1+t2)
A

3=(0 _t2 0 ), A~=( 0 _12 0
\o 0 1! \o 0 —qt

3

12 0 qt(l—12) 0
q~t(1+12) qt2 1 _2t2_t4 q’’t( 1 +t2)

A
4= 0 0 qt

2 0

0 0 ql(l—t2) t2

We needto point outthatalthoughq is a cyclic parameter,the quantumR-matrix still containsthe continuous
parametert=q2.

Anotherexampleof an R-matrixgiven by thenon-genericuniversalR-matrix and the representation(11)
for a

1=a2=l is

R

4t22 =R~,,)~
2)=p(

2l®p~2i(If.9)=blockdiag(A,,A
2,A3,A4,A’3,A’2,A’i) exp(~h)~1)~2), (14)

where

A,=l, A~=—t~t~, t=q
4’, t

2=q

42,

/ n\ / 2
— I ~i ‘~I —, ~2 kt

1(t~’—t2) 12) 2= ~—t~(l+t~) —q11t~

0 t2(tj’ _t~)\ /—qt~t2 0 —1~(l+t~)

0 —t,t-, 0 ~, A3=( 0 —t1t2 0
\,o 0 t2 / \. 0 0 —qt1t~

1 0 qt2(l—t~) 0
— t~(q’

tt~—qt
2) qt,t2 —2t~+(l—t~)(t~+l) t~(q

1t~’—qt
1)

A4= 0 qt112 o
0 0 qt1(l—t~)

In fact,becausethe R-matrixR~1,22) satisfiesthe QYBE

R12(21,..k2)R13(2,,23)R23(22,23) =R23(22,23)R,3(21, 23)R12(21, 22) , (15)
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we formally regardthe ~‘s as thespectralparameters.This point wasjust pointed out by Jimbo. This kind of
parameteris also identified with the so-calledcolour, which distinguishesthe different representationswiLh
the samedimension.

The authorsthank ProfessorJimbofor many useful discussions.Thiswork is supportedin part by the Na-
tional ScienceFoundationof China.
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